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ASSTRACT_

Thie paper is concerned with studies abcut the modified
isopreference method for rating speech communicaiion systems in
view of speech quality. The concept of speech quality is studied by
subjecive measurements in terms of intelligibility and "preference'.
Listering experiments using the forced pair comparison technique
have been performed with trained and untrained groups of listeners,
Various kinds of speech signals from different systems have been
compared with three idealized reference signals using noise in
additive and multiplicative form as degradation signals., Different
kinds of tests for preference, intelligibility, rank ordering and loudness
are reported which were utilized to study several aspects of speech

quality.
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i. THE CONCEPT OF SPEECH QUALITY

1.1 Introduction

During the design, development and testing of systems
for transmission, reproduction and artificial composition of speech
signals there is a need for evaluation and for optimization criteria.

In the past intelligibility has been utilized as the main
criterion for the evaluation of speech communication systemas.
During the last years modern speech processing techniques have
reached a state of high perfection. Frequently, the intelligibility
of the output speech signals of such systems {s now so close to
100 % that intelligibility alone cannot suffice as a design criterion.
In these cases one has to consider the full concept of "speech quality"
rather than the aspect of intelligibility alone.

The measurement of the physical properties of a speech
pProcessing system and the combination of the results of such
measurements in order to form a basis for comparing different
such systems is at the moment only hopeful for systems with
properties close to those of linear four-pole systems. Today for
all more complex syster~s this objective approach is not feasible.

At the present state of the art subjective measurements are necessary

to fird answers to the central questione : "How well does an average

listener understand speech signals which are transmitted or created

by the system under test' and "How does he like these speech signals,

or the corresponding system, as a source of information?' The first

question can be answered by intelligibility tests and the second by

"preference” tests. While intelligibility tests are already a relatively

well known tool, the additional evaluation of "preference' until now

remained an only partially solved problem. "Preference' teste shall

allow to express their sspect of speech quality in terms of a set of -
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known standard reference signals or in terms of a continuously
degradable reference signal. The reduction of the problem to only

two key questions is an important constraint. Hopefully it allows to
limit sufficiently the scope of the present work. It excludes the
complex problams of speaker recognition and two-way communications.

The aim of the present study is to extend the knowledge
around the concept of speech quality by the performance of subjective
measurements. It concentrates on methods for preference testing
and on their evaluation. A sufficient body of experimental data 1s
being collected which will help to find a suitable method for pre-
ference testing and will show its possibilities and limitations. If
possible a standard test procedure shall be proposed which allows
to grade speech signals and permits meaningful comparisons between
different types of systems and for comparisons between measure-

ment re.ults from different locations.

The scope of work described above is planned tc be covered
by end of 1966, The present interim report can therefore not provide
answeras to all of the problems in question. It describes the methods
chosen for closer study and summarizes significant findings of the
past year, In some cases the collected body of data was found to be
still too small and did not allow for the conclusive determination of
typical averages. The collection and evaluation of the additionally
required data may necessitate some changes of statements in the
present report. We hope that in the final report these changes will

only be affirmations of our present views.

1.2 Speech Quality

Speech quality has many aspects. The degradation or loss of
"quality' in transmitting speech over a telephone system may be seen

completely different {from the degradations in a vocoder system or
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some other speech processing device. In the first case it seems
essential to evaluate the degree to which significant characteristics
of the input signal are preserved by the communication chanael.

In the second case terms like "identification of the speaker' or the
"emotional content of a message' may lose their importance and
even their implication, e.g. one might device a transmission system
with a "synthetic voice' which sounds natural compared with a typical
human speaker but which surpresses all characteristics of the
original speaker. Speech quality may be viewed to be a combination
of the different attributes of speech signals which have to be pre-
served in order to give a listener the impression of a "high ficelity"
system. It should describe the impression of in average listener
whep he compares a speech signal to speech patterns stored in his

tmemory.

Speech quality includes various factor: such as optimmum
loudness, tiinbre and rhythmic character, annoyance, a possible
fatigue of the listener, speaker identifiability, naturalness, clarity,
systematic amplitude or time distortions and many others. A
quantitative detinition of these factors is often not only difficult
but sometimes next to impossible. This means that a detailed concept
of speech quality to a certain extent depends upon interpretation,
at least as long as there exists neither a comprehensive, accurate,
and commonly recognized definition nor a standardized measurement

procedure.

Our working-definition of '"quality' contains besides
intelligibility only a parameter called '"preference’. This term
shall be an expression for the average attitude of a listener towards
a test signal while comparing it consecutively with a reference speech
signal with reproducible characteristics. Preference is thus a relative
measure of quality.
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1.3 Measurement Procedures

Direct measurements of the physical properties of o
system for speech communication or speech processing may
often be performed easily, but, as already mentioned, the res... .
cannot always be related to the total subjective impression cf an
average listener. As quality is a psychological factor of speech
communication, it requires, at least today, also psychological
measurement techniques. The non-existence of & single listener
with ""average'' properties and reactions to audio signals makes
it necessary, .n order to get statistical significance, to evaluate
subjective judgements from a number o1 listeners. Unavoidably
this implies a limitaticn of the expectable accuracy and repro-
ducibility of the obtained results.

Speech signals with very different qualities may be rated
by simple category tests. Here the listeners are classifying the test
signal into a limited number of categories guided only by their personal
maemory and judgement. Higher reliadbility will result in another
approach where the test signal is presented in pairs together with
samples from a set of reference signals which represent the different
categories. In such a procedure either the test signal or the reference
signal, or both may be variable, and may exchange their relative
position in the presented signal pairs. A summary of methods for
assessing subjective factors of speech signals and a bibliography
of work done before 1962 is contained in the paper of MUNSON and
KARLIN /1/. The paper is concerned with a forced pair-comparison
technique which is called isopreference method. Both, reference signal
and test signal are varied. The reference signal was the voice of
a real speaker or a hifi-tape recording of a apeakey degraded by
additive random noise. The results of this metkol are aormally
shown in the form of isopreference contours in a speoch lavel

versus noise level diagram (Fig. 1.1).
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The curves enclose the point or area N which represents the optimum
setting of the test system with regards to the best adjustment of loud-
r.ess and noice level. The method yields a quality rating in form of
the "Transmission Preference Level' deacribing the iscpreferent
setting of the reference signal and additionally the optimum loudness

level {or the output o' the test system,

1.4 The Proposed Method of Preference Testing

ROTHAUSER 72/ tried to duplicats some of the tests des-
cribed by MUNSON :1d KARLIN. He had to find that the scattering
cf the test results was worse than anticipated. Presentation of
successive test conditions along an isopreference contour showed
suitable results becauss the test perscns have only to cling to their
speciiic criteria for preferance judgements. But the deviations
grow intolerzdly high when points on "n {scpreference contour with

very low and very high levels of thr test signal are compared. Here
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the judgements become very inconsistent because .nost of the listcners
are annoyed by the unexpectod and sometimes painfully high levels

of the second signal. This means that the decisions of the lisisners
are influenced by the loudness levels of the previously presented
signal pairs. The same accomodation effect can be observed for
abrupt chauges of the additive noiss, which accompaniea the test
signal according to ¥Fig. 1.1. In order to reduce the influence of

these practically non-controlable conditioning effects the number

of variables during a test run has been reduced as far as possible.
Expressed in terms of Fig. 1.1 only the transmission preference
level for the point N is determined. The loudness level of both test
and reference signal are kept constant at a value equal to the optimum
loudness of the special system. For a given test run only the S/N

ratio of the reference signal is varied.

TesT SiaNAL Rereramce Sienal
ootimum loudness PReEFERENCE with
no additional distortion variakle degradation

Fig. 1.2

Fig. 1.2 shows the variables in the modified prefercnce test. The
modified method yields nct only a simplification of preferance tests
but alsc s substantial improvement with regards to accuracy and
reproducibility of the test results.
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2. PREFERENCE TESTING
2.1 Test Method
2. 11 Description

The basic requirements for a measuring procedure are
simplicity and reproducibility at different locations. Preference
tests rejuire only comparisons for a string of signal pairs, the
test signal and the variable reference signal. In order to increase
the accuracy the reference signal is presented to the listeners
immediately before or after the test signal. The iests are not based
on a particular aspect of quality but on overall preference with no
requirement that the listeners have to categorize or to explain the
reasons for their decisions. The listeners are not allowed to be
indifferent in their decision between the two signals of any pair.
They have to express their preference for one speech sample of each
pair which they would prefer as a source of information. Preference
is expressed in terms of a reference signal the quality of which is
continously and reproducibly adjustable. The quality of the reference
signal is degraded by adding a certain amount of a distortion signal
to a hifi speech signal. Now the preference level of a test signal can
be defined in terms of the S/N ratio of the reference signal where

50 % of all listeners favor the reference signal.

In order to avoid the difficulties MUNSON and KARLIN
must have encountered by using a real speaker to produce the
reference signal during the tests, only a hifi recording of such
a speaker was used for the generation of the reference signal.

Fig. 2.1 showas a simpiified blockdiagram of the test set-up.




Tape Recorder

| Test Signal Hifi Signal
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Fig. 2.1
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The tes: signal is recorded on one track of a stereo tape recorder,
amplified and periodically fed to the receivers used by listeners.

On the second track of the tape recorder a hifi speech signal is
recorded. This signal can be reproducibly degraded for the generation
of the reference signal. The test signal A and the reference signal B
are presented in a successive and repetitive order to both ears of
each listener via earphones. The speech level of both signals is
adjusted to the respective optimum loudness for the particular signal

which has to be determined also subjectively in a preparatory session.

A preference testing session may consist of about 5 test runs
each consisting of approximately 15 pair comparisons. The test materiai
is presented to the listeners in repeated signal pairs ordered as ABAB.
Fig. 2.2 shows the mode of presentation by illustrating the time pattern
and the variation of the S/N ratio of th= reference sign{I B.

N

I A B, A B A B, AB
C% A : 2 | Hifi Speech Level
L B { Test Speechlevel
?
g l Noise Level
o %
17
0 ,
« Al W Al -
©5 05 o5 4o 05 0S5 O5 Time (a]
%——S { 1 5 Lkd 5 11 S \ 1 L) 5 L] 5 Ll 5 Th s R

Fig. 2.2
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The cross-hatching illustrates the constant amcunt of the 5/N ratio
of the reference signal for one repeated signal pair and the random
variation for a consecutive pair. The duration of both speech samples
A and B has been fixed 5 ssconds and the interval between adjacent
signal samples to 0.5 seconds. During a pause of 10 seconds between
each of the repeated signal pairs, the listeners have to make ard to

indicate their decisions, and the operator is able to change the settings

for the next pair comparison,

Normally for the evaluation of a test signal a preliminary
test run is executed in order to establish the approximate value of
the preference level and to determine the lower and upper limits
of the S/N ratio for signal B, at which all listeners prefer either
signal A or signal B. During the main test the incremental steps
of the S/N ratio for signal B, i.e. the degradation of the reference
signal are chosen much smaller. Then they should be small enough
to cause inconsistent decisions by some listencis in the vicinity of
their respective preference levels in order to gst the highest possible

accuracy in determining isopreference level.
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2.2 Requirements

In spite of the drastic reduction of the variables during a
single test run, as compared to the procedure followed by MUNSON
and KARLIN, there remains a considerable number of parameters
which may influence the results nf a preference test. Table 2.1 lists
the most important of these parameters. Even a rough escimate shows
that there are more than thousand test conditions which diffe in at

least one of these parameters.

it has been one of the first tasks in the work reported here
to select the most interesting and important test conditions. The
specially marked parameters have been actually used in our tests.
The present study is only concerned with continuous speech. It was
decided to present both speech samples, i.e. the test signal and the
hifi component of the reference signal, at optimum loudness levels
which have been determined subjectively by the same listeners in

previous sessions.

For the presentation of all signals headphones were chosen
in order to avoid the difficulties which occur in conjunction with
loudspeakers and acoustics. It may be possible that for later
investigations also loudspeaker presentations will become more
interesting in conjunction with the testing of speech signals under

ambient noise conditions.

2. 21 Reference Signals

The selection of the ""best'' reference signal for the purposes

of preference testing is not easy and necessitates some compromises.
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REFERENCE SIGNAL

TEXT : continuous Q words syllables
LOUDNESS : variable adjusted fixed optimum Q
PRODUCED BY : live transmission systemm  idealized system

hifi + noise O
hifi x (1 + k noise) O
ADDITIONAL real speaker + noise

DISTORTIONS : yes —t— no
telephone \;ocoder jpulsedeltamod

TEST SIGNAL

TEXT : continuous O words syllables
LOUDNESS : variable adjusted fixed optimum O

PRODUCED BY : live transmission system idealized system

hifi + noise Q
hifi x (1 + k noise) O
real speaker + noise

telephone O vocoder O pulsedeltamod Qany new system Q

MODE CF PRESENTATION

TRANSDUCER : headphones O handsets loudspeakers

AMBIENT NOISE : none O produced by loudspeakers
office noise

natural{
typical noises

wide band
artificial {
band shaped

PRESENTATION FRAME

LISTENING GRQUP

SIZE : small (8 - 10) O large (> 50) O
TRAINING : trained untrained
TEST REPETITION : yes no

Tabdble 2.1 : Parameters in Preference Testing

P
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A good reference signal should have the following properties :

a) The reference signal should be variable in its quality between
hifi quality and a not defined worst value, so that for all possible
test signals there are corresponding isopreferent reference

signals which are sufficiently inside the total quality range.

b) For accurate test results the reference signal should be
similar to the antic.pated test signals because the reliability
of judgements on speech quality is influenced by the ease of

comparisons between the test signal and the reference signal.

c) The reference signal and its generation should be exactly
defined and allow for its simple and reliable reproduction

in any laboratory.

d) The quality of the reference signal should be easily measurable.

e) It should be easily interpretable by engineers.

This list of requested properties makes idealized systems
the most promising candidates for the derivation of a reference signal,
as normal live systems cannot be expected to offer system conditions
as closely defined and variable as necessary. Item b) has been stated
although there is no conclusive theoretical way to define the variations
and distortions of possible test signals which can be described in terms

of a particular reference signal.

In order to get a simple measure for the degradation of a
speech signal as requested in b) and c¢) a reference signal r(t) can be
defined as a hifi speech signal s(t) plus a certain amount k of any
distortion signal d(t). This basic assumption may be expressed by

the simple equation
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r(t) = s(t) + k.d(t)

The generation of this function r(t) is shown in Fig. 2.3

Tape sit)

Recorder

Addition rt)e slt)+k.d)
Circuit |

Distortion |[di)] k.d(t)
Signal - Mttenuator [———-

Fig. 2.3

Variations of the factor k yieids a variable degradation
of the hifi signal s(t) and consequently a variatiopr of the speech
quality of r(t) which can be easily expressed in terms of its S/N
ratio. s(t) may be a real human speaker or only a hifi recording of
such a speaker. Now the degradation signal d(t) has to be chosen,
i.e. the question for a suitable reference signal has been changed

to the question for only a suitable degradaticn signal.

Among all possible degradation signals those on the

basis of random noise seem to {it best the desired properties a) - e).
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Noise has several advantages including that ot being physically
measurable. White noise can be easily shaped by a suitable weighting
curve to get a better approximation to average speech spectra.

During our studies we have utilized different kinds ot weighting

networks :

u) A -noise : white noise, the spectrum of which has been

shaped by an A-weighting network.

v) LP-noise : lowpass noise spectrum with a flat envelope
up to about 500 cps and decay at a rate of 9 dB per octave
above that frequency.

w) PINK-noise : noise with a reduction of the higher frequencies

by 3 dB per octave.

Fig. 2.4 shows the three noise spectra

~——
U —
J—
—

SPL /cps [dB]

|
N
Pirnw-noige \LP-nrnoise

¥

o T ]
/ L
'. [ ‘ |

' ? ‘ [ | \
i , ! i
i/ 4 i i L

20 %o Aoce 200 Soo Al 2 S Aok 20k

———

F;Qau.nc‘ ECP‘]

Fig. 2.4
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From a technical point of view A-noise should be proierred.
It is bandliinited on both sides and-therefore avoids the problem of
overloading the transducer with energy outside the normal hearing
range. An additional advantage of the A-curve is its standardization
by 1.S5. O for acoustic measurements. A filter with such a response
can therefore be assumed to be easily available in acoustic laboratories.
If the listeners are given a choice betweun the different types of
noises, they seem to favor the pink noise, because it contains less
energy at high frequencies. Comparative tests did not reveal any
significant differences which would make the decision for one of the
three types of noises easier. Results derived with one type of reference
signal can be compared to results with another reference by merely
adding a constant which compensates fcr the different spectral shapes

of the degradation noises.

The actual generation of the reference signal is shown in
Fig. 2.5. This reference signal r(t) will =2 called in the following

"additive reference''.

' Additive Reference’

s(t) &, sit)+ kn,lt)
o ) -

N,(4) Qz
o—{ Attenuator b—{__ _}——4

Fig. 2.5
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The addition of the noise no(t) to the hifi sigaal s(t) is prooably the
simplest way to generate a reference signal but *his reference signal
does not have all desired properties. Experience has shown that 1t
does not comply with the properties listed under b) and d). It has
been requested under b) that reference signal and test signal should
be similar. The additive reference will only in a few practical cases
satisfy this requirement. After becoming familiar with this reference
signal most of the listeners are able to separate its two parts, i.e.
they are awarec that they hear hifi speech and simultaneously noise.
The perception of this effect is enhanced by the fact that the noise
degradation signal is always present. This may lead to difficulties
especially when single isolated words instead of continuous texts

are ugsed as test material.

Another probiem for the additive reference is listed under d).
The quality ~f this reference signal is defined in terms of its S/N

ratio which can be written as
level of the speech signai - level of the distortion signal.

While the noisc level is measurable up to an accuracy of about 0.2 dB
it is difficult to get a comprehensive definition of the speech level.

It has been decided to circumvent ti..s problem for the moment because
the determination of the speech level with the desired accuracy turned
out to be more aifficult than anticipated. All our speech recordings
carry therefore also a preceding pilot tone which allows to play the
tapes always at the same level. The problem of thie measurement of

absolute speech ievels could thus be postponed.

Considerations of the two preblems of diss'milarity and of
exact speech level measurements, mentioned above, recommend a

search for other types of reference signals.
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A promising distortion signal was found by multiplying

the hifi speech signal with random noise.

d(t) = s(t) . n' ()

The corresponding reference signal r’(t) = s(t) + k.d(t) =

s{t) . [t+ k.n") (t)} will be referred to as '"Multiplicative Reference''.

Fig. 2.6 demonstrate~ the main differences between the
two reference signals. In contrast to the additive degradation signal,
the multiplicative degr.iuation gignal is not present during speech
pauses, thus it cannot be separated from the hifi speech signal by
the liateners. Additionally, it overcomes also the second problem
of the additive reference, as it does not require exact speech ievel

measurements,

REFERENCE SigNALS

ADDITIVE REFERENCE MULTIPLICATIVE REFERENCE

s)lon)  ocked | sWirkni@)]  ogkgA

S} + k nol) st) + ke sd)nlit)

S/N=20 log%ﬁ S/N=20log . B NS

S/N = 20 log4/k S/N = 20 log 4/k
~ LEVEL OF NOISE SIGHAL n, ¢ = LEVELOF NOISE SIGNAL n’(t)

+ LEVEL OF SPEECH SIGHAL st/
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Here the speech level has not to be determined with high accuracy.
The operation s(t) . n! (t) causes the distortion level to change in
just tlie same way as the speech level. Therefore the S/N ratio

of the multiplicative reference is independent from the speech level.

The better fit of the multiplicative reference to the list
of required general properties than that of the additive reference
reflects itself in the test results, On the average there are smaller
standard deviations of the test results when preference
tests are performed with multiplicative noise mainly because of the

greater similarity of the test and reference signals.
The generation of the multiplicative reference signal r’ (t)

is shown by the blockdiagram of Fig. 2.7. The multiplication ot
speech s(t) and noise n) (t) is done by a Hall-Multiplier,

"Multiplicative Reference

s(t) s(t) R. st} {A+lenl ()]
- > —
s(t)
i
() | Noise nat)] Hall sit).nd() Ra
O Ampifier [®1 Mottiptior [ Alkenuator T

Fig. 2.7

a blockdiagram of which is shown in Fig. 2.8.
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.

n () Noise

Amplifier -

s(t) | Speech

Ampl’.ﬁer

Fig. 2.8

The output voltage of this multiplier can be expressed by the equation

ki'kZ .... constants

RH ...... Hall-constant

. Making the control current i, proportional to the speech signal s(t)
\ and the magnetic field B caused by the field current i

F proportional
to the noise eignal né (t), one gets thc output

N uH=K.s(t).n'(t)+K

K'Kl'KZ .... constants

Amplifier }—o
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The terms with K1 and KZ are deviations from the ideal product

s(t) . n (t). They are caused by non-ideal groperties the so called
"zero components’ of the Hall-multiplier. A compensation of these
terms by some special arrangements of the circuit is possible.
Finally the resulting accuracy of the Hall multiplier 1s about 30 dB
realative to the optimum output signal. A complete circuit diagram of

the generation of the multiplicative reference is given in the Appendix.

The Hall-multiplier poses a second problem besides its
zero components which were mentioned above., The magnetic field
B is proportional to the field current iF which has to flow through
the fieldcoil with its high inductivity. The field current iF now should
have a spectrum according to that of the noise signal and because of
the high inductive load, there are difficultics with the high frequency
components of n(’J (t). A power amplifier is necessary as a current
source and additionally the spectrum of the noise input signal has
to be pre-emphasized at high frequencies. The spectrum of the field

current i, and with it of the noise signal n(’) (t) is given in Fig. 2.9.

s8]

F

T L_._1L___Z_:L__T.___b____ —_

2 So Aco 200 Sco Ak 2k Sl Aok 20k

Frequency lecps]
Fig. 2.9 e Yeps
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Although, in most of our experiments we have generatcd
the multiplicative reference by a Hall-multiplier, we were not too

well satisfied with the performance of this electronic device,

It was therefore tried to find another more suitable form
of generating the product of two signals. The new idea was to interpret
the product of two suitable functions as a controlled switching process
because a switch can be mcre easily and accurately implemented than
an analog multiplier. The desired reference signal should have a
noisy character. This could be achieved, e.g. by random interruptions
or polarity inversions of the hifi speech signal. It was decided to utilize
the second method of random inversion in periodic intervals. The pulse chain
with random character for control of the inverter switch is derived from
the output of a noise generator by sampling the noise signal periodically

with a certain clock frequency.

The properties of the pulse chair can be specified by the
clock frequency used and the probability that it will actuate the
inversion switch in the sampling poin.s. This probability was fixed
to be 50 %. The not yet determined value of the clock frequency is
chosen, so ihat the intelliyibility of the product signal s(t). ny (t)

1s as low as possible.

oo
——
0
™ (75 _ .
[
mi \ /
5 ~
)5 So b— \ + - .. - /ﬁw-——q
Voasb—
_[- }
o
o 2 4 & 8
——————
Clock-rreguencgtucpsl
Fig. 2.10
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The relation between intelligibility and clock frequency is shown in

Fig. 2.10 and the miniinum value yields a curresponding frequency

of about 4 kcps.

Random Pulse Generator

Noise n(t) ns | A litude n* ()
Gonerator ™ Scanner - F'ii)ltlcr o bMYV e

§ i '

Clock-frequency Servo
Generator Amplifier
Fig. 2.11

The generation of the switching function n*(t) is shown in the block
diagram of Fig. 2. 11 and in the time table of Fig. 2.13. After sampling
the noise signal n(t) by a scanner, the resulting pulses n'(t) are
filtered by an amplitude filter. The remaining pulses control a

bistable multivibrator bMV, which generates the switching function
n*(t). A control loop including a servo amplifier is provided to ensure

the 50 % probability in the switching points of n® (t).
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Fig. 2.12

The generation of the ''digital reference" signal
r (t) = s(t) + k. s{t). n*()

which will be referred to as ''Digital Reference' is shown in Fig. 2. 12.
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The digital reference sounds similar to multiplicative reference. As
its electronic implementation causes less problems than the Hall
niultiplier, it seems to be superior to the latter. More experience
with this digital reference is still needed before we can make more
definite recommendations. The Appendix contains detailed circuit

diagrams for the implementation of this concept.

2,22 Test Signals

Speech test signals are output signals ot any natural or
artilicial speech transmission, reproduction or composition system,
the speech quality of which is to be evaluated. For our purpose ot
studying the uscfulness of a method for preference testing its per-
formance with a large variety of test signals should be evaluated.
This is necessary in order to prove the reliability and justification
of a procedure which uses only one kind of reference signal for
comparison with the numerous possibtle variations of the properties

of a speech signal.

The used speech test material consists ot a continuous
text and not of single words or syllables. The test signal is pre-
sented to the listeners with optimum loudness and is compared with
a variably degraded reference signal. The determination of the
optimum loudness of a special speech signal is discussed in
chapter 3,13, For our preference tests we used a set of teet signals
produced by three different kinds of speech systems as shown in

Table 1.1 :

a) LIVE SYSTEMS ; Natural systems which are in a
normal usc as speech {ransmission

Or processing system.




- 26 -

’,.

al) Telephone : Real local telephone circuit (Tel)
using a transmission loop from one
location over a dialled conncction to
the PBX and back to the san:e location.
a2) Vocoder : Channel vocoder from the DM Laboratory
Vienna /5/ in a special setting:

Fundamental frequency : normal (VOYN)
110 cps (VL)
200 cps (VOL)

a3) Delta Modulation : Pulse modulation system in the
following settings :

Sampling frequency : 7.2 kcps...(PD!)
20 acps...(PD2;

43,2 kcps. .. (PD3)

60 k\:pa. e (pD-i\;

120  kecps... (PD5])

b) IDEALIZED SYSTEMS : Artificial systems which produce
an output signal consisting of a high
fidelity recording of real speech,
variably distorted by any form of
additive or multiplicative noise,

bi) Additive Noise : Additive reference signal (ADD),
hifi + k . noise,.

b2) Multiplicative Noise : Multiplicative reference signal (MULT).
hifi . (1 + k . noise); Hall multiplier.

b3) Digital Noise : Digital reference signal (D!J),

hifi . (1 + k . noise); random pulse chain.

Because of the variable and adjustable degradation, first of all thesc

speech signals are used as reference signals and therefore are des-

N cribed in detail in the previous chapter. Conduciing preference tests
‘ between two of these speech signale, one of them may act as a variauiu
reference signal; the other one may be held constant acting as the tes:

signal. The results yield the important relations between the three

|




.

reference signals which allow a first examination of the transitivity ol

the proposed method of preference testing.

c) SIMULATED SYSTEMS: Artificial system the properties of
wh.ch are simulated by any conceivable
distortion of speech signals, e.g.
filtering, clipping, echo, crosstalk etc.
of a hifi speech signal, or live systems
with any additional artificial distortions.

c1) Lowpass : Filtered sveech by a lowpass (LP)
with a cut-off frequency of 1 kc. The
rejected frequencies were attenuated
at a rate of 40 dB per octave.

c2) Highpass : Filtered speech by a highpass (HP)
with a cut -off frequency of 1 kc. The
rejected frequencies were attenuated
at a rate of 40 dB per octave.

c3) Live System with
additive Distortion : Additional artificial distortions allow

to increase the set of available test
signals and to study the effects ot

superposed distortions.

2.23 Listening Group

A statement on the general acceptability of a particular system
with regards to the public attitude towards a particular aspect of
speech quality has to be based upon the judgements of a sufficient
number of listeners. In order to prove the usefulness of the proposed
preference method, it is necessary to describe the accuracy of such tes:s
not only for a group of listeners at one time, but also for the single

listener in repeated tests over a longer time interval. Training of a

special listening group shoulu ensure that the tests can be run under
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stable conditions.

At the beginning of a test session the listeners arc informea
about the purpose of the test and the testing procedure. In order to
fainiliarize ti.e test pcrsons with the different types of test signals
which will oe encountered during the following test every ncw speech

signal is presented for about two minutes before the actual test starts.

Three different groups ot liste .>rs have beern utilized untii

now; all of them vbeing male adults between 20 and 35 years ol age :

a) A iarg~ group of untrain d observers. Two times a year

about 80 new students have to take laboratosy exercises in our institute.
Nearly none o1 them hatve ever Leen ‘xpo-eu to nsycho-acoustic measure-
raents.These listeners tiercfore are untriincd and perform all the
desired tests without test repetiticns, The results of these groups

should show the difference » ween alarge group of untrained and a

small group of trained list~n¢ -8 and hopefully also incicate the
"optimum'' number of listeners with regards to a cornpromise between

financial expenses and ''stat: :tical" significance of subjective tests.

b) A small group of about 20 trained persons. This lestin, sroup
was used for the col.ecticn of most of the data contained in this report.
All listeners of this group were examined for normal hearinyg. They
meet th~ requirements on auditory acuity in the American Standard

or Measurement of Monosyllabic Word Intellicibility '3,. We have
iound that these rmmeasurements could be replaced for our purpuses

by the correct response to an intelligibility test with .nonosyilabic
words. Naturallv we have utilized German word iisis for cur studenls &

With this listening group not only the preference measurciiernts were

e

conducted but they helpecd aiso to study side effects such s

Ll B RS-
Taining

~
.
M
s
.

and learning, fatigue, reproducibility etc. From the firs: 20 stud
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about a doz=n has carried on until now, the others had toc be replaced
due to lack of time or interest. Our test room facilities accommodate
a maximum of 10 listeners at one time. We therefore had to form two
groups of 10 listaners each which helped also to satisfy the different
working time schedules of the listeners. Both groups were exposed

to practically the same test material. The number of listeners at

one test s2ssion was about 8, The duration of onc segsion consisting

of about 6 test runs, was two hours in the average.

c) A very small "special purpose' testing crew. This group
consists of ourselves and staff members of cur institute. Besides
gaining the necessary possibility to understand from personal
experience also the listeners’ position, we attacked side problems
such as optimum loudness, check-on-order effect, difference-limens

and ''critical ranges'.

The question when a single listerer or a group may be
qualified as "trained" for preference tests is not easily answerable

and will be discussed in Sec. 3.

2.3 Test Set-up

2. 31 Test Environment

A room for psychological mea:zrements should be reasonably
Y { H ' < - Aty o~ ] - T
free of inside and extrineous noise, Therefore it is practical to orovide

different rooma for the listeners and for the operator with his equipment.

As only headphones for the presentation of the acoustic stimuli
were employed there is no necessity for the iastallation of an anecheic
chamber. Furthermore the utilized KOSS-PRO-4 headsets have soft

earcushions for additional protection against ambient noise. A test

i
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room with studio character having a small reverberation is therefore
adeqguate, A quiet groundfloor laboratory room has been modificd for
our purposes. The listener room of approximately 23 x 9 x 10 ft in

size hzs the walls covered with perforated boxlike aluminium sheets.

A lightweight blanket of glasswool is laid behind them to provide

sound absorption. The ceiling consists of suspended broadband-ibsorser
units of a styropor-like foam material. For a reduction of the noise level
inside the room caused by extraneous disturbances the entrance has
been improved by installati~n of a second sound insulating door. A
measurement of the reverberation time yielded an average value of

0.22 8 for the empty room and a value of 0,20 s for the room when
occupied by the listeners, A photo in the Appendix shows the interior

of the room.

2.32 Signaling System

Psychclogical testing is very time-consuming and it is
desirable therefore io conduct the tests as efficiently as possible.
In the listening room accomodations for 10 listeners have been
installed. As the operator and the test equipment are lccated in a
separated adjacent room, besides all necessary equipment and
connections {or the preseniation of speech signals, also a signaling
systerm had to be provided. It has been designed and built with an aim
towardes automatic operation and for minimizing the possibilities for
mutual influence among the listeners. For storage and recording tae
test results are not ouly displayed on a lamp panel, but can also be
printed by an automatically controlled teletypewriter. An inter-
communication link aliows for conversation hetween the listencrs ana

operator,

Fig. 2.14 shows a block diagram of the signaling system,

- _— .
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Central Control Unit

Tele Tupewriter

4 ™

Tape Recordaer

In the listener room there are ten terminals with listener sets

consisting of earphones and the "listener boxes'.
three small lamps "A", "B",

to three corresponding push buttons "A', "B",

On each of the boxes

and "READY'" are mounted which belong

and "STCP". During the

tegt run the signal lamps A and B are controlled by the program switch

and indicate the corresponding speech signals as they are presented.

Alier pruoscntation of a repeated signal pair, each listener indicates

his dec’sion by pushing the corresponding button A or B. Now the

"READY" lamp serves as indicator for the listener that he has taken

his decision. After a wrong decision or for some other reasons each

listener can stop the test run by pushing the "STOP" button.
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In the operator room a light display and control unit stores
the listener's decisions in a bank of relays. The visual indication

is done by corresponding lamps. After all decisions have been receivea

a scanner automatically reads the results into an electric teletypewriter.

Then all lamps are reset and a starter impulse to the program switch

starts a new test run.

A block diagram of the signaling system between parts of
the test equipment and the principal connections betweeun lisicuer

and operator room can be found in the Appendix.
\

-

2.33 Test Equipment

A block diagram of the test set-up for conduc.ing pair-
com;:arison tests is shown in Fig. 2.15 This set-up is utilized for
our experiments. Two channels are provided for two ditferent audio
signals, for the present study mostly speech signals. Controlled by
one noise generator two separate distortion signals can be generated
which allow for independent degradation of the signals in the two main
channels. A program switch controls the presentation of the acoustic
stimuli to the listeners who can then make the desired observations
with regard to any special property of the samples, e.g. preference,

loudness etc.
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2.34 Hi{i Speech Signal

In contrast to the experiments reported by MUNSON and KARLIN
we did not use a real speaker for presentation of speech signals to the
listeners. A hifi tape recording avoids all the difficulties which arise
when runaing subjective tests with a real speaker. Among others the
advantages of a high fidelity tape recording are the unlimited re-
producibility of the speech signal with invariable articulation and
reproducible loudness level so that the tests may be repeated with
identical signals as often as desired. The utilization of a real speaker
would create another serious problem. Obviously, his utterances could
not be presented over headphones. The whole mode of presentation would
have to be changed. In contrast to these problems with 4 real speaker,
the main disadvantagec’ftape recordings is their limited quality. As we
are now only interested in the evaluation of test signals which have
""telephone quality', our hifi recordings are still by far superior in
quality. Therefore changes in the quality ratings we find are not to be
expected, if a real speaker instead of tape recordings were used during

the test.

The speech material used in our tests is taken from a master
tape which has been prepared previously at the IBM Laboratory Vienna.
A professional radiospeaker has read public news under studio conditions.
The recordings are made by means of a dynamic AKG microphone type
D 20 B and an Ampex 351 tape recorder. The frequency range of the
recordings is better than Ti4B from 50 to 15.000 ¢cps. The ambient
noise conditions during the recordings yielded a S/N ratio on the

master tape of about 50 dB.

On the master tape there is additionally a 1 000 cps pilot tone
as reference for tne purpose of level measurements. Besides the

continuous text, 400 monosyllabic German words have been recorded

under the same conditions to be used for intelligibility testing.
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The tapes actually used for testing are prepared 1n the followinyg
ma nner. A re-recording of the master tape frecm AMPEX to the first
track of the test tape has been made using a REVCX G 36 tape recorder.
Connecting the output from the AMPEX with the input of the system to
be evaluated, the system output signal then is recorded on the second
track of the test tape preferably text-synchronous to the text on track 1.
Elach recording is preceded again by a pilot tone for convenient adjustment
of the speech level. After recording the 400 single words having passed
the system to be tested, the preparation of the test tape is finished. The

content of the test tape is shown in Fig. 2. 16

track 4 || 1oco cps tone | hifi speech signal |200 words testguality
track 2 || Acco cps tone |Lest speedn signal  [200 words -\es{guah’t:(

Fig. 2.16

Accurate level measurements of speech signals are a well known problem.
We could circumvent this problem for the work reported here. As we
wanted to study mainly the test procedure and the reproducibility of tne
listeners’ decisions there was no need for the absolute speech level
measurements which are mandatory for absolute quality ratings with
the additive reference. it was uniy necessary to keep the speech level
as constant as possible during the recording sessions and to take care
for reproducibility during the reproduction of speech material. As
already mentioned a pilot tone was used for initial level adjustment
and a graphic level recorder for continuous monitoring of the speech
level. Obviously, difficulties may arise, when the original speech
material, i.e. the master tape is changed. Instead of establishing

electrical refcrence conditions it was decided to refer always to the

acoustical input to the ears of the listeners.




d
»

- 36 -

"-"‘

When the speech samples are presented to the listeners via

e

earphones the sound pressure level of the speech signal 1s measurd
objectively with an artificial ear. Considering the well-known difficulties
with the standardized artificial ear for higher frequency measurements
and its proper acoustic coupling to headphones with earcushions like our
KOSS PRO-4, a simplified construction was used which gives at least
reproducible results. Fig. 2.17 shows a sketch of our arrangement

of a wooden plate with an inserted condenser microphone. The earphone
is pressed to the plate with about 1 000 g. The air volurne remaining

between the plate and the membranes is about 12 .:m3

Membrane

A

Earcushions

Plate

| 2
! “_Condenser
| N Microphone

Fig. 2.17

The chosen procedure for speech level measurements tries to follow
a practice for the measurement of certaln impulsive noises. There the
level is defined as the arithmetic average of the maximum values of the
A-weighted sound levels. This average is determined by considering
only those maximum values which are within 10 dB of the highest occurring
- value. The average has to be taken over a suitable period which may

coincide in our case with the duration of the speech sample to be measured.
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A subjective method for the measurement of speech level
especially with respect to the actually used S/N ratio will be discussed
in Sec. 3.13. .

T~
b

Analysis of Test Data

In preference tests listeners have to decide whether they
prefer the test signal A to reference signal B or vice versa. As
listeners are forced to decide either for signal A or for signal B the
test data form a complete sample space with the reference signal
given by its S/N ratio figures as a parameter. Data collected in
several separate tests can be treated together for evaluation as

other statistical material.

The following considerations may form a basis for improvements
and refinements of the test procedure and test evaluation as they are
performed now. In the next subsections several theorems and relations
known from mathematical statistics will be used without giving any
proofs. The interested reader should refer to the pertinent literature.
Our considerations shall only give some suggestions for handling the

data obtained by preference tests.

Although the actual tests are run with groups of listeners,
first of all it is useful to consider the decisions of an individual listener
under test. In a second subsection groups of listeners will be considered
and finally our present method will be described which s utilized for

the processing of test data.

2. 41 Basic Statisitical Considerations

The idealized 1ndividual iistener

For the following considerations we define the idealized
indiviaual listener as a person who decides in a manner that the

relative frequency of preferring signal B to signal A converges to the

T e s - e - J-o -




corresponding probability for any §/N ratio of signal B. Furthier we
assume that the probability of preferring signal B to signal A

does not decrease when the S/N ratio of B increases. This fact i
shown in Fig. 2. 18 where Py denotes the probability that signal B is
preferred tu signal A at a S/N ratio of x d3 for signal B. The
function p, verse the S/N ratio x will be called ''graph of preierence"”

for abbreviation.

P“ 1 —

%)

S/N ratio of isopreference

0 e 7 [aB]

S/Nratio of the reference signal

-l > o
preferring interval with ' preferring
sigral A probability pa for signal B
without fail preferring signal B without fail

Fig. 2 '8

QOur assumption implies a stationary behaviour of the idealized
listener,i.e. he should have a fixed opinion about the quality ot the
test ignal. But this assumption does not pay regards to any effect
of learning, training, accustoming, fatigue etc. which may occcur
when tests are performed over a long period cf time. Our results
show that a2 real individual listener is in good agreemen? with ti.e

ideal listener postulated above within 2 test period of several hours.
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In Fig. 2. 18 the abscissa of the graph of preference can oe

divided into three intervals : in the interval on the left hand side
signal A 1s always preferred to signal B so that decisions within this
interval will have a high amount of certainty. Similarly signal B will
be preferred with a high amount of certainty when its S/N ratio is
located on the right hand side of the abscissa. For S/N ratios of
signal B within the middle part of the abscissa decisions of our listener
will contain a random eiement, but in Py of a large number of 1dentical
comparisons at a certain S/N ratio x signal B will be preferred to
signal A. Within this middle part of the abscissa there also exists

a special S/N ratio at which the individual listener will find both
signals A and B "isopreferent'’’, that is when the probability of

preferring B to A is just equal to 50 %.

For the moment we are mainly interested in signals B which
are located in that middle part of the abscissa mentioned above
where dicisions of the idealized listener change between preferring
signal b to signal A and vice versa with a frequency indicated by the
graph of preterence shown in Fig. 2. 18. Suppose a test 1s run pre-
senting n times the S/N ratio of x dB to ouridealized individual
lis.oner under the same circumstances. This test then forms a
Bernoulli test consisting 1in a succession of n Bernoulli trials which
means each trial is performed under identical premises with probability
Py for preferring signal B and {1 - px) for preferring signal A since A figures

for the contradictory statistical event.

For n Bernoulli trials the numboer Sn of preferring signal B

to signal A is a random var:able which is binomially distributed ik,

_—
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—
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This equation specifies the probability of S equal to k decisions

preferring signal B at n Bernoulli trials w1th the probability p_ for
\

preference. In this equation. P, fxg,ures as a parameter. For a special

example the probability P\Sn k) is shown in Fig. 2.19.

S=l) |

o.4

o34

0.2,

Fig. 2.19

As k goes from 0 ton P(S = k) first increases monotonically reaching
1 v

its greatest value for k = entier (n + 1)p and then decreases monotonicull

Further typical data for the distribution of P(Sr1 = k) are the moments o
the distribution. For the binornial distribution P(Sn = k) the expectation

or the first moement is given by

and the standard deviation or the positive square root of the sccond

moment with respect to the expectation is given by

~

[N}

o (P(S_ = k Vn. (1 -p,) (

Both values are better considered in proportion to the n trials of which

the assumed Bernoulli test consists, The expectation divided by the

number of Bernoulli trials is cqual to the probability P of preferring

cst Avallailc Copy
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W

signal B. At the same time the standard deviation divided oy the
number of Bernoulli trials becomes inversely proportional '« =
which means that for decreasing the standard deviatien by a factor

¢ the number of Bernoulli trials must be increased by a factar

Now Bernoulli tests shall 1 - utilized to evaluate tne vrosacility

P, of preferring signal B to signa. A at the S/N ratio x db. rrom

the relative standard deviation of the binomial distribution

a (PS5, = k) Yp,lt - p)) N

n vn

tollows a constant value cf % at different probabilities Py the manuer

of Bernoulli trials may be reduced as Py approaches 0 or | Accordingiy

the number n of Bernoulli trials should be a maximum for a des:ired

accuracv of Py vwhenp = o0,5.
x

Furtheron an estimate can be given for the reliability of

results obtained in a test consisting of n Bernoulli trials by Lanlace’'s

limit theorem which holds for a large number of trials /7/.

S )
- !
e & o) - B -F
;
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-

(4 o-p )
\ Py’

e N e i

n

‘n this equation @ y) stands for the stancdarl normal distribution

function and a and & are preannounced iimils.

—

vieids the probabiiity that the number S of deoisions Zor »oan:

Ry

Hernoully trials is sufficient to determine Py within the lumits indicate

in this equatica.

e
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For det rmining a graph of preference for the individuu.
listener as it is shown in Fig. Z. 18 one should run Bernoull: tests
with several different 5/N ratios cf signal B. Since we are mainly
interested in the S/N ratio of isopreference, i.e. the S/N ratio where
the graph of preference crosses 50 %, it is poscible to shorten the
teat procedure by the following considerations. Scveral Bernoulli
tests will be performed to find the two ranges of S/N ratios < here
the incdividuzl listeners prefer unambiguously A or B. OCne finds
these ranges in Fig. 2. 18 partiy oa the left side and partiy on the right
side of the abscissa. It is obtvious that under these circumstainces
the listerer will decide more or less without fail. As for these ranges
of 5/N ratios the probability of preferring signal B indicated by P,
is clos=2 to ¢ o~ 1, results with small deviations can be obtained

already by a #emall number of test runs.

Let us assume that a S/N ratio specifies the point of
isopreference wherc for m Bernoulli trials, the indi"idgal listener
votes m/2 times for signal B. By this we can find a distribution
fun ,n Q and a density function q for the S/N ratio of isopreference
with regard to .+ Bernoulli trials fr sm the graph of preference of the

individual listener (.'ig. 2.20},

1< Q.
I
l 1 . A
!
7 ok3
oS |
i
|
!
025 1 _— |
I QA7 ( !
. ! )
o | © ! . ]
Ay —_—— Mo ———
26 S/N ratio of 2 i S/N ratio of
Puleg BV ;sopre"ercnce g isopreference
Fig. 2.20
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A derivation ot the distribution and density functions from the graph
of preference shall not be given here, but it may be accepted that
these functions can be replaced approximately by normai distributions
with the parameters/uiand g, . The subscript i denotes tlie individual
listener. Obviously, the standard deviation & of this distribution
depends on the number of Bernoculli trials considered. For an infinite
number of Bernoulli trials the distribution function degenerates into

a step function and the standard deviation becomes zero. In this case

the S/N ratio of isopreference for the individual listener will be fully

determined.

By taking advantage of these considerations we can find the
S/N ratio of isopreference for an individual listener when we perform
several Bernouili tests each consisting of m trials at S/N ratios where
the decisions of the listeners under test are fairly unambiguous. As it
18 shown above the decisions cf our iistener will not vary very much
at thuse S/N ratios and they will be therefore very certain. Thus
we can get the left part and the right part of the distribution function
of Fig. 2.20 without fail and can find now the middle part of it by
interpolation. The S/N ratic where this distribution function crosses
the 50 % ordinate will be a good estimate for the desired S/N ratio of

iscpreference for the individual listener.

For abbreviation we will speak further from a distribution
of the S/N ratio of isopreference omitting to emphasize the number
of Bernoulli trials necessary for it. By iniroducing the distribution
of the S/N ratio of isopreference one may reduce the number of tests
which are necessary for determining the S/N ratio of isopreference.
This leads to a significant reduction of the necessary effort ir
preference testing. The exclusion of the transition rcgion for the taking
of sampling points wili reduce the accuracy of the test results, but it will
still be comparable to the accuracy limited by the technical facili.ics

of the test set-up.

—

;P;,....,..
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A group of listeners

The considerations concerning the individual listener shall
be extended to a group of listeners. We take the group of listeners
to be random samples from a population of listeners and their
individual S/N ratios of isopreference as the statistical variable
which is assumed to be normally distributed. The parameters ot this
distribution are called Ms for the mean and 0y for the standard
deviation. The subscript g refers to the group of listeners. The
mean of this normal distribution indicates that 50 % of the listeners
will have their S/N of isopreference lower than MedB and therefore
50 % of the listeners will prefer the reference signal B to the test
signal A when the reference is presented with a S/N ratio of MadB.
For the measurement of speech quality we are more interested in
the S/N ratio of isopreference/us for the group of listeners than in
the decisions of a single listener. The standard deviation 93of the
normal distribution assumed is a measure for differences at the
S/N ratios of isopreference for the individual listeners and may be

of interest as far as the reliability of the test results is8 concerned.

The determination of the S/N ratio of isopreference for a
group of listeners should start with isopreferent S/N ratios of the
individual listeners. By plotting the percentage of those listeners
whose 5/N ratics of isopreference is lower than x dB versus the S/N
ratio x. the experimental distribution function will be a staircase

function as shown in Fig. 2.21

% of (@)
Listeners | 4co —
So
° -

I
/M ratio of reference

(&/t ratio of isopreferer.ce)

Tig., 2.21




This experimental distribution function approximates the
assumed normal distribution function with the parameters Mg and Oy
This way is very cumbersome because at first all S/N ratios of
isopreference for the individual listeners have to be calculated
only then the desired S/N ratio of isopreference fér the total group
may be estimated. Therefore another method shall be described for
the evaluation of the S/N ratio Psof isopreference for the group
which is not 48 "accurate' as the method mentioned above, but
which is much eagier to carry out and which still yields sufficient

accuracy.

A simplified case shall be considered first : we assume graphs
of preference for all individual listeners in form of simple step functions.
Of course that is only a rough approximation to reality, yet it is
very helpful for introducing the following method into the present
concept. With this assumption it follows that at any S/N ratio of the
reference each listener votes without fail either for signal B of {or
signal A respectively at any number of trials performed. Therefore
one can take a test procedure in which each S/N ratio of the reference
is just once presented to the group of listeners, and one then collects
their decisions. This simple procedure yields here already the

experimental distribution function of Fig. 2.21,

If one goes back to the real test conditions, graphs of pre-
ference for the individual listeners may look like Fig. 2.18. Running
the same test procedure described just above we will have several
listeners in the group voting not in accordance with their S/N ratios
of isopreference. Plotting again the percentage of listeners preferring
signal B versus the corresponding S/N ratio one finds that this empirical
distribution function is not necessarily a monotonical increasiig functiovn
as it shculd be. This is caused by the '"fail" votes of listeners (Fig. 2.22).

Still we may approximate this empirical distribution function by a normal

i .‘-w-vmﬁ - ‘
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distribution the parameters of which are called M -and o . It is reasonable
to take as well the mean value}M obtained in this manner as an
approximate S/N ratio of isopreference for the group of listeners

under test. The mean value/u will not differ very much from the

mean value Mg discussed above. But the standard deviation Q” obtairnzd
now will be quite different to Oy delined above. It will be the aim of

the following paragraph to give the relation between these two standard

deviations.

In the preceding section we have spoken about a distribution
for the S/N ratios of isopreference evaluable for individual listeners
provided a certain number of trials has been performed. In this
connexion we shall accept normal distributions for these S/N ratios of
isopreference with equal standard deviations @°; for each individual
listener. The mean values of these distributions may differ of course
corresponding to the distribution of the S/N ratio.s of isopreference
concerning the population of listeners assumed previously. Based

on these premises it can be stated that the standard deviation T

' 3. \
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obtained by evaluating the S/N ratio of isopreference directly from the
votes of listeners unde. test will be larger than the standard deviation
Qg cbtained by evaluating the S/N ratios of isopreference of the

individual listeners. The following equation holds //6/ :

g = V ag + Tt (2. 6)

The increase of the standard deviation by evaluating the total votes
of listeners at each S/N ratio is obvious, if one considers that certain
"fail' votes of listeners can be eliminated by pre-evaluating S/N ratios

of isopreference for single listeners.

In this section we have given two principle methods for
evaluating the data collected in preference tests. Both methods lead
tc more or less the same 5/N ratios of isopreference for groups of
listeners, whereas the standard deviations for the approximating
normal distributions are different. Since we are mainly interested
in the S/N ratio of isopreference for groups of listeners we may take

advantage of the method which requires less effort,

2.42 Processing of Test Data

In the course of preference tests reference signals B having
several S/N ratios are presented to a group of listeners whe decide
at each S/N ratio whether they prefer the roference signal B to the

test signal A. The votes of the listeners under test are the collected

data.

At first the percentage of votes is calculated for B at each
S/N ratio of the reference. This percentage will be taken with respect
to the total number of listeners in the group when the S/N ratio of
isopreference is to be evaluated for the group. But the percentage

will be taken only with respect to the number of presentations when
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S/N ratios of isopreference are to be evaluated for individual

listeners.

We assume these percentages just mentioned above to be
approximate values of the distribution of the probability that a S/N
ratio of isopreference is below the S/N ratio just considered. We take
for granted that all considered sets of S/N ratios of isopreference shall
be normally distribnted. The percentages of votes for signal B which we
obtain in preference tests in dependence on several S/N ratios ot re-
ference signals will come close to the assumed distribution function.
We may approximate the latter function by plotting a smooth curve
between the points given by the percentages of votes versus the S/N
ratios of the reference signals. (Fig. 2.23). This smooth curve shali
bc calculated as a normal distribution function with the mean value/u

and the standard deviation <

X
A (_ )21 )
é(x,/-*,cr) = Fi—?_-_; exp [" —EQ-%—J d? (2.7)

Lateron, wherever necessary we shall distinguish by subscripts to

the parameters ji and @ between approximations to different distributions.
There are the distributions of the S/N ratios of the individual listeners
(/u.-, a- ). those of groups calculated from the single S/N ratio of
individual listeners (/us,G'g). and those of groups calcuiated directly
from the votes of individual listeners (/u.Q') , (Sec. 2.41) The
evaluation of a proper P (x,/x,v) is performed by the concept of the

least mean square error defined by

F‘/J',G') = Z [B (x;)- @(xé,/u,cr)lza Min. (2.8)

i




A \1;0-0-(—0—0-0—0—1
.83
o
05 -0
)
¢
A7
° /o
o m—u-o—o-o{ + -
- Xy Ma X, -
S o ) < (B8]
Fig. 2.23

In this equation y(xj) stands for the percentage of listeners voting
for signal B presented with the S/N ratio of x; dB. The sum is taken

over all m presentations of a certain preference test.

The parameters i andQ of approxirnating normal distributions
will be evaluated by minimizing F(/u,q). For that purpose an iteration
procedure programmed on a digital computer may be used. The
procedure starts with an approximate value for the desired mean value

M . The approximate value Ms shouid meet best the following equation

Ada m 2
z ‘éz(xj) - Z [4-—%(-’"3)] = L (2.9)
i 7

Additionally an approximate value C; for the desired standard deviation
0 has to be aseumed. x, shall denote the highest S/N ratio of the re-
ference where all votes are for signal A, and x, shail denote the
lowest S/N ratio of the reference where all votes are .or signal B.

Then we agssume

Xe — X (2. 1v)

>
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Experience proved the practicality of Equ. 2.9 and Equ. 2.10. They give for
the example shown in Fig. 2.23 M« =3dBand QO = 2 dB. Now we take
the normal distributior & (x,/u,/q;) as a first approximation and evaluate
the mean sjuare error F—(/u‘/n:) defined by Equ. Z.8 for the given test
data. Now for varying the parameters of @(v//u‘/tﬂ we take the following
eight couples of parameters :

tg.c )

(/u,m.,m) p (/u.iA,,cx;.e (g :X‘)

p ,G-e

with A,= 1 dB and S:‘ = 1. After calculating the eight mean square
errors for these distributions they are compared with "F'(/_.‘/Q—A-)_ If
one of them is smailer than F(/A”G;\) it is called F(/uz/Q",_\ and Ma
and

Z

are used for the next iteration step. But if F(/_.‘/cr‘) is still the
smallest mean square error we shall vary the couple of parameters (/.HA,Q;\

as Iollows :

e."‘.‘g,_) i"g,_)

(/'A‘(i-AQ/W‘)/ (/‘4':&2/0;' /(/*4/ &.e

with Aa."%“ and gp =<' and repeat the above procedure. This process
converges rather rapidly to the desired parameters Mand O . The
iteration procedure is stopped when O drops below 2-4 D, This
corresponds to an accuracy for/u. better than 0,1 dB. For the acal
numerical processing the normal distribution function §bg,/u/\r) s
calculated by means of an approximation formula E <"//“F) which 1s

sufficiently accurave ior any ¥ /8/ with

— {
. <0
b 4 =J 4 < =
§( / /Q’) 2(t + az+ 7.22‘.2 + ;323 + 3424)
i
- >
1 2(1 +a, z+ 2% va,23+a o)t F= 0
311.-32 33 4 J




and z = -x—.—t
aq
a, = 0,278393
a, = 0,230389
ag = 0,000972
a, = 0,078108

The procedure describad above enables us to fit a cumulative
normal distribution to data which cunsist in given freq :encies Y¢ Over
S/N ratios X,
the calculation of the S/N ratio of isopreference sug for a group of listeners

. Another task was described in the preceding chapter,

from the p; for each listener out of this group. These M can also be
calculated by the method given above. The mean value Hacan be calculated

simply by

A ~N
FS‘W'Z-‘/“‘

where N stands for the number of listeners in the group. The corresponding

standard deviation is found by

)

) ] A ~4 ) 2
05 = | 750 (pai-ps)
s A
In all cases discussed so far statistical data were cvaluated, i.e.
many or at least some similar data were availabic. Beyond this the ques:ion
may arise whether one can find the point of isopreference for a single
listener from his decisions given in a single test run. Of course this is
a rather poor basis for a '"statistical' evaluation. An estimate which
proved to be useful may be found in the following way. It shall be
supposed that the set of presented reference signals has equidistant
S/N ratios. Some examples of possible decition series are shown in

Fig. 2.24 .
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The point of isopreference is to be expected to lie between the limits

of consistent decisions. The mean value is easily found in series |

to be 7.5 dB. This holds as well for series Il because of the symmetrical
decisions. It is rather difficult to define an isopreference level for
series III. The proposed solution is to have as many ''displaced' A
decisions as ''displaced' B decisions on either side of the thus

determined point of isopreference M.

The described vrocedures have been programmed in FORTRAN
for processing on an IBM 7040 digital computer system. The programs

and sample printouts are contained in the Appendix.

The input data for these programs are obtained and stored

in the following formats : the decisions given by tne listeners are

o

stored by means of the teletypewriter as snown :n Fig. 2.25.

o ol
i

]

numbere printed at the left side give the respec.ive test condition by

the attenuator setting for the distortion signal. The according listeners
decisions sre printed automatically on the right. The numerais { or 2
stand for a decision preferring the corresponding signa: A or 3. Tes
~ conditions, e g. signal specifications, date, and listener names, have
to be writtzn by the operator. The decisions are ranked wnd prepared

-

{or further handling Uy the test operator,while tie next tes: is running.

teners

w

This turrsd out to be ver; uselul, becauss one can contrel the i

anc th* presented test conditions thrcughout the test. The form used for
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this purpose is ghown in Fig. 2.26. The markers in this tab.c give

the reference conditions where the respective listener preferred
siznal B and are very easy to survey. Cards are punched from these
data in a format which is specified in the Appendix and {its th¢ require-

ments of our FORTRAN programs.
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this purpose is shown in Fig. 2.26. The markers in this tablie giva

the reference conditions where the respeétive listener preferresd

signal B and are very easy to survey. Cai’ds are punched from these
data in a format which is specified in the Appendlx and fits the require-

ments of our FORTRAN programs.
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3. EXPERIMENTAL EVALUATION OF PREFERENCE TESTI.

3.1 Scope of Measurements

In this section under the subtitles of speech quality,
intelligibility, loudness and human factors a sejuence of separzte
topics will be treated. We have not tried to fit all those topics into
orie large picture, because we felt that until now in some critical

areas we do not have encugh data to establish final statements.

3.11 Speech Quality

Repeated preference tests

For studying the behavior of listeners preference tests were
performed under ejuivalent conditions with several groups of listencrs.
Tests were repeated during a sessionwith different sequences of ihe
reference. The normal vocoder (VON) was used as test signal arnd hLiii
speech signals degraded by multiplicative noise (MULT) or by additive

noise (ADD) as reference signals.

The 5/N ratio of the reference signal for isopreference will
be called isopreference level in the following. The isoprefercrce le.ols
were determined for the individual listeners by analyzing their votes
separately for all tests performed during one test session, as well as
those for each group of listeners at each test run. Further points
of isopreference for single listeners and for groups were obtained
by evaluating their total votes during one session. By comparison
of these isopreference levels calculated from the group data and from
those " single listeners it could be confirmed that the relation holds«

between the standard deviations as given by Equ. 2.6.

The results of tests performed with one group of listeners on

one day (21-5-65) shall be given now. Further results for two other
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groups of listencrs are given in the Appendix.

A number of 10 listeners compared the normal vocodcr {VON)
to the multiplicative reference. The test was repeated 6 times within

a two hour session.

At first examples shall be given of the votes of the 10 listeners
in one test and of the votes of a single listener in the 6 consecutive test
runs of the sessicn. In the following tables the S/N ratios of the reference
signals presented are listed and the votes of listeners favoring the re-
ference signal are marked. The listeners are named by capital letters.

The complete data for the session are listed in the Appendix.

-
% o TeEsT 4 DRK
s L j 1 [ i v T Y T
3 N3 Wiy ¥ Y] TN N
:ﬁ;’ “FW!3>§\B;LU2C¥§&/;.J Bl ;;%aggﬁ
< R OERIPIOIX O SN R
7 | ! l i ; l T
8 R IR
4 | B BN
lof | | | EEEN L
] e | Lo e |
] le B g
| 12 ] - | '_*O‘?O-‘__J ——
13 I i Col T &} e
] [Tlel T s ' | |
- —1*9«--4 o} P
'S | | 1208 EENEENNE
Gl | @60 | 10000 O O |
7 [piojcio] lolcio.0| [olein, 1o
8] [ ioci0lol 'oeoe| [[elololol
| 17| [®ecio®] 000l0] [olejei | |
o5 leeelo®eecieoelsl oos0 0
.7 T “'*,_—T—_f_'l["-'ﬁ T,\ T T
21| o ©080 006006 |0&00C|6
22| loolee 0loloiamnlal loocoee
23] @ejlel06'Coioinle] [pojeeoe
24| [#ele0l0j0o o0 0/@] oo 0olols
25| |leloo® 6 6 6ie Q6| 06|00 0

Fig. 3.1




tn

-

From these data we obttaired the isopreference levels My for the s
listeners and the standard deviations @ of the approximating noerial
distributions. Examples for such normal distributions are given in tho

Appendix.
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A schematic diagrau. of these results is shown in Fig. 3.2,
The mean square of the standard deviations @, for the 10 listeners is

found to be

_—

QT = 1,75al

.
1"

The isopreference ievels of the group for eacn test run are listed in
Table 3.2 and schematically shown in Fig. 3.3. Examples for normal
distributions approximating the group decisions in separate tast runs

are given in the Appendix.
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The isopreference level for the group over the whole session was not only
calculated as Mg from the isoprefe ence levels of the individual
listeners which are listed as u; in Table 3.1 but also from the lump sum

of all decisions in the session denoted 2s Mo

Pe= = 10 dB p=-AASB
= 4348 g=23d8

These results show good conformity, From the standard deviations Jg
and o one may deduce an estimate for the standard deviation g of the
decisions of individual listeners in the session. We obtain ar estimate

by using Eju. 2.6
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Ciest = VQ‘Z_"Q”;‘ ,~/[,;C;7CIB

This estimate value is found to be close to G: = 1,75 as calculated ative.
These results and those of all similar testsz may be summarized @ the foo-
preference levels for individual listeners véry over a range of about 10 «is.
The respective standard deviations were all around 2 dB. At the same time

the uncertainty range of individual listeners was also found to be alout

T2 4s.

A typical preference test session

The following example shows the results from a complcte
test session. A number of 6 well trained listeners made judgements
on four test system.s HP. LP, VON, and VO2 in comparison with the
additive and multiplicative reference. The Table 3.3 shows the mean
value M of the single listencr for single test runs and in the last
two columns the mean value 4 and the standard deviation o for the

whole group are given.
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1

M and M are given in terms of S/N ratios. Therefore the

highest value represents the test sigrnal with the best gquality and ithe

lowest value velongs to the worst test signal.

After thesc rormal preference tests, the listeners were ve-

quested to rank order the four now well known signals by giving marks

between one and four from the best to the worst quality signal. The

results from these direct judgements of the listeners can be found in

the respective columns beside the mean values M from the preference
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tests. With the exception of the listener MjUEJall others have the ordoer
HP - LP - VON - VO2 from the best to thc;;worst signal when asked
directly. This should coincide with the préfcrcncc results expressoed
in values of M.

The vulues M for both references and the mean values L of
the group are plotted in Fig. 3.4. The monotorous decrcasc of M
for the first threce listeners shows that theﬁ rank order is the samec
{or both direct and preference cornparisonfs. The results {from the last
thtee listeners are in two cases with the additive reference and in onc
case with the multiplicative reference contradicting the
the direct judgements. The mean values p+ of the group are
cases in the same order. The standard deviations T arc relatively
small with an average value of about 1,8 dB. The samec test signals FI7,
LP, VON and VOZ2 were also degcd by the group of 38 untrained listencrs.
For each listener the isopreference levels regarding each ol the eight
preference judgements performed were evaluated and their distribution

was plotted. Fig. 3.5 shows such a distribution for a comparison of

VON and MULT.

Number of

Listenecs
’
L
E)
4
3
2 4
A 9
. , ‘

-5 T ——
S/ MULLT
Fig. 3.5
These distributions can be characterized by mean values M and  stancoava

deviations @ derived from their {irst and second moments., For the el
test runs in this connexion the values pg and Qg arc given in Table 3.4

and in Fig. 3.6
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The normal density functions with the mean values pgand stancasd

deviations G4 for the eight test cases are shown n Fig. 3.7 on

next page.
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Correspoadeince beiween the acditive and the mulriplicative reference

As we have been working mainly witi’; the two references
ADD and MULT, we tried to find a correspon&ence between them.
The relation has been studied for its reproducibility not only wihen
executing the same test on different days and;with different listeners,

but also when different test procedures are utilized for its determination.

At first pair comparison tests were:made with both signals
viricd simultaneously in quality. All these speech pairs consisting
of «n ADD signal with any S/N ratio compared with a MULT signal
with aay other S/N ratic have becn precented to the listeners in
totally random order. This test procedui'e isvdifferent frem our
normal preference teut procedure.

The o+ :his new procedure can be plotted in a three
dirnensional sy..w. n waith the two horizontal axis numbered in S/N
ratios or attennator settings of ADD and MULT, and along the third
vertical axis percentages of the listeners are given who preier ADD.
Tras plotting procedure would yicld the relation betwecen the two signal
as a three dimensional surface. With regards to the difficulties of
using a three dimensional plotting scheme, it was decided to use
oaly two dimensional mapping. The presented signal pairs correspond
then to points of the arca between the two reference axis and are
labelled with the respective percentage of listeners preferring ADD.
We have decided in view of this mapping to call the new test procedure

|‘,~1 rea te St”.

The curve of interscction between the three dimensional surface
and a horizontal plane at 5C % listeners preference represents the

"isopreference curve' of the two signals ADD and MULT under test.

Best Available Ceo
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v i

: !
In a real test there will beisome'wrong' decisions in the
‘s . : ; i
criiical range close to the isopreference curve. In order to dete riiine
the isopreference curve cross cuts perpendicular to the ADD and MULT

axis of the data surface are made. In these 'cross cuts the isopreferenc.

level discussed together with a standard deviation 1s calzulated as in
. . i
Sec. 2.4. The desired isopreference curve will then be found as an

empirical approximation to those individually determined isopreference
points.

1

As an example the results of such an area test shall be given

which has been conducted of 10 listeners. Fig. 2.8 shows the decisions
for the .iistener SCW and Fig. 3.9 shows the ?results for the whole groun.
Fig. 3.9 is a computer printout where the pri:ferences of the listeners
are mapped in the respective test points as e}cplained before. The results
‘of the evaluation of both groups of distribution functions, or cross cut
approximations, as explained above, are plotted ing Fig.3.10. The mean

values of both groups of functions are discriminated by circles and tri

"o

The isopreference curve approximates these points. Fig. 3. 10 :ives also

the corresponding standard deviations T of the distribution functions.

The reproducibility of these measurements is demonstrated in

Fig. 3.11. Five such area tests at differcent times have been carried cur. Ui

results are shown as curves 1 te 5. The deviations are so smail that we

N

feed entitled to call the mean of these curves the '""standard'" iscprefcre:
curve between our ‘simgnals ADD and MULT. All measured isopreference

- N & .
curves were found to deviate less than about = 2 dB from the s:iandard

curve over a range of 20 dB of the multiplication reference. This expected
uncertainty range of - 2 dB is indicated by dashed lines in Fig, 3. 11.Whoa
the quality of the test signals is increasing towords hifi quality, the de-

viations grow larger.

Parallel to the areca tests also normal preference tests have

been conducted in order to check and to verify the validity of the standard

Sest Available Cop
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isopreference curve. The two kinds of preference tests, possible in
this connection, have been performed and repcated : the additive
reference signal, held constant, acting therefore as the test signal
and the multiplicative reference being varied, acting therefore as
reference signal and vice versa. The corresponding figures Fig. 3.12
and Fig. 3.13 show the resuits for these two kinds of preference tests.
Mean values and standard deviations for groups consisting of about

8 listencrs are given. Both kinds of tests show in the middle range

of the curve approximately the same g values which are increasing

for good or bad speech qualities. All isopreference points are lying

within the uncertainty range defined above.
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Area tests with the digital reference

A few weeks ago after finishing an experimental set-up fur
the generation of the new ''digital' reference DIG (Sec. 2.21) we staric..
to work with the new signal. At first it was tried to establish the 150-
preference relation to the other reference signals ADD and MULT.
The results presented here are still preliminary, but (it quite well

1into the scope of our data.

Several area tests were made in the same way as descriLee .n

the previous subsection. The results of the two tests with the si_nal La:

141
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DIG-ADD and DIG-MULT are shown in Fig. 3.14 and Fig. 3.15. The

tests have been conducted twice at different days with 5 to 7 listeners.

om 8/,
A°°T r MULTT
!
Ao Ao
/ /
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A
o °
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I
~do o Ac e ] ~ Ao o AQ —rre
S/N DIG S/NDI\G

Fig. 3. 14 Fig. 3.15

The given standard deviations in both directions for the isopreference
points seem to be somewhat larger than in the case of the ADD-MULT
relation of Fig. 3.10, but should be confirmed by further tests.

A combination of the three relations ADD-DIG, DIG-MULT,
MULT-ADD will allow to get information about the transitivity of

preference measurements. This will be discussed in Sec. 3.2.

Area tests with distorted test signals

Normally one is not expected to be interested in degrading
the test signals because one would want to test and to evaluate signals
as they are in practical use. But we used this easy possibility to
extend our speech material in order to get new dimensions and to

prove already existing relations.
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Several new test signals have been generated from the set

of our test tapes and have been used for area tests. The results

of four tests with the new test signals normal vocoder multiplied

by noise VON-MULT, normal vocoder plus additive noise VON-ADD

and highpass filtered speech plus additive noise HP-ADD in comparison

with some of our reference signale are shown in Fig. 3.16 - 3.19.

The test sessions hava been attended by 7 to 1C listeners.
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Obviously, the diagrams have to show that for very high S/N raitios
of the additional distoritons no change of the isopreference level of
the test signal can be expected. But it is astonishing to see, e. g. in
Fig. 3.18 that thn jquality of our vocoder speech signal could rnot be

impaired by adding noise down to 6 dB S/N ratio.

This result shows that the influence of an additional dcgradation
upon an alreacy degraded speech signal may be difficult to predict.
Effects of this kind will deserve further study. They may serve to
give some guidance whether it will be worthwhile to improve single
properties of a specch processing system under development. A
parallel may be found in noise control work, where it is well niown
and easy to understand tlt isolated changes or reductions in a complex
noise signal will have practically no effect on the overall loudness of

this signal.

Rank order teats

Rank order tests have teen started recently. Questions

as the folluring shall be atudied:

The ability of listeners to rank order systems with differeat S/N ratio,
the definition of difference limens in speech quality,

the relation between speech quality and S/N ratio of a speech signal.

Instead of signal pairs single speech signals with different
S/N ratios are presented to the listeners. At first the listeners hear
two reference signals, one with very good and the other with very bad
juality. Then they are asked to rank order a random sequence of the

above speech signals between the {irst two.

At {irst two tests have been carried out for DIG as a2 variable

speech signal with groups of 7 listeners. The quality has been varied

‘nﬂmr» -
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in 10 incremental step. of 2 dB S/N ratio covering a total ranyge o.

20 dB. The listeners were requested to classify each of nine signals
after a single presentation of 5 seconds by giving marks betwcen ore
and nine to these signals, while mark zero for the best and mark tex

for the worst signal had been previously defined.

& Mark

————a
a4 DG [«8)

Fig. 3.20 Fig. 3.21

The results of the '"best’’ and the ''worst' listener are Jiven
in Fig. 3.20. Nearly every listener has at least one or two wraeag

decisions. The test rasults of the two groups with 7 and 5 Listeners are

shown in Fig. 3.21.

In a third test with DIG signal and 5 listeners the inc reme:tai
degradation steps have been reduced to 1 dB. The total range reainec
again 20 dB. Again the listeneres had to use the marks one !0 nine

for their classification. The results of this teat as mean values of ali

- g
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5 listeners, shown in Fig. 3.22 are very contuscd and indicate uy
no means a correct rank ordering of the !9 signals into 9 positions.
By plotting the first half of the ciassificaticn of the presented signals
‘Mnru ‘Mcn’«
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Fig. 3.22
and then the following second one, two diiferent _urves are cbtaineo
as given in Fig. 5.23. While the curve represeniing the first half ot
the decisions shows the expected monotonous decrease similar 1o the
curves in Fig. 3.0t the secord half has at least three wrong values,
18 not in correspondence with the first curve and is therefore the reason
for the confusing shape of Fig. 3.22. The resuits give risc to the
supposition that the ligteners are able to remember the in:tial presented
signals with the extreme juainities only during a limited number of
preserntations ot other speech signa's. Ilf, as in the present exan.ple
more than 10 di{ferent signale within this juality ranyge are presented,
L S
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or if the s2t of 10 signals is repeated, the listeners get more _on-

fused in their judgements.
These first tentative tests show that we are still far {rom arn
answer to the questions given above and that for the understand:ng of

rank order tests further studies will be necessary.

Pulse delta modulation

With five speech signals generated by a pulse delta mnodulaticn
systermn with sampling {requencies from 7,2 kc to 120 kc (PD1 - PD3
from Sec. 3.22) preference tests have been periormed with a number
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of 6 listeners and ADD and MULT as reference signals. The mean
vaiues p and deviations © for the whole group are given in Fig. 3.24
for both reference signals ADD and MULT. The results show the
expected rank ordering. It may be interesting to note that all the

five delta modulation signals are lying not on but just beside the
standard isopreference curve for ADD-MULT entirely within the

. +
uncertainty range of - 2 dB which has been defined before.

Digital reference

Among the first informstive studies with the new reference
signal DIG, we made preference tests with the four standard test
signals VOZ2, VON, LP and HP. The results from a test with

5 listeners are given in Table 3.5. The mean values M of the single

- Lisener  [PAz | PRA| STE GRZ | MAR| GRoUP
est 4
Signal \\ ™M % ™ ™M ™M ; ™M M q
vO2 | 25 35 | 25 25 45 | 25 |08
f 3 - 4
vor 1 45! 45 05 2518539 30
o . .._.___,__,._.,._,_T.-_‘ [ ._f__-ﬂ...._._; ¢ ‘A[ R
LP 45 75| S5! 45 45| €3 | 35
m ! |
HP 55 | 65| 75| 85| #45| 8o 34
Table 3.5

lisiener decisions are listed and the mean values p4 and corresponding
standard deviations @ of the group are given in the last two columns.
The mean values of the group and with it the points of isopreference
are in the same order as in tests with the ADD and MULT refe.:nce.
The o"- values seem to be here a little bit larger but for reliable

statements further measurements are "eeded.
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3.42 _ Intelligibility

Intelligibility is a very important factor of the overall quality
of speech signals and it is of special interest therefore to study all

our test materjal also with respect to this rarameter.

It has been already mentioned in Sec. 2.23 that we used
monosyllabic German words from HAHLBROCKS "Freiburger Worter-
teste' for our intelligibility tests. These lists are similar to the
English pb-word lists. Our four main test signals have been measured
with two different groups of about 8 listeners each on 6 different days.
A cormnplete test list included about 100 words. All resuits obtained

have been averaged and are given in % -inteiligibility in Table 3.6

—

—

i
Testsignal ' HP  © LP

Vot | Vo2

!
i

F;

Intelligibility (%] 892 738 653 | &92
n |

Table 3.6

Ii. contrast to the results {rom preference tests where VON showed
a higher isopreference level than VOZ, here VOZ has an intelligibility
score ot about 69 % and VON only one of about 65 %. The different
rank orders in view of these two aspects are an indication that pre-
ference judgements caun only partially be based on estimates of speech

intelligibility.

The intelligibility of the references ADD and MULT was also
meaeured. At different S/N ratios of ADD, 400 words have been presented
to 17 listeners on the same day in a random order. The results are
shown in Fig. 3.25. A smooth curve may be drawn through the data
points which starts at a S/N ratio of - 9 dB with a word intelligibility

of about 20 % and increases monotonously.
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At a S/N ratio of + 2 dB the intelligibility score rcaches about 90 %
and is then obviously tending to 100 % for higher values of the S/N

ratio, i.e. for nearly undistorted hifi speech signals.

I the same way Fig. 3.26 shows results from 16 listeners
on only one day for the signal MULT. Here the smoothed curve starts
at a S/N ratio of - 12 dB with the already high value of more than
87 % word intelligibility.

That means that over the whole useful range of MULT, the

signal is highly intelligible. The multiplicative distortion signal alone,

i.e. hifi speech times noise was found to have 88 % word intelligibility.
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As far as the signal DIG is concerned until now we have only
a few values for the distortion signal alone. The dependence ot
intelligibility on the clock frequency has already been shown in Fig. 2.10.
The results given in Table 3.7 repeat only that the word intelligibility
is as low as about 32 % at a clock frequency ot 4 kcps.
Clock Freguency [keps]| 4 r 2 | 4
~ Ca .
Intelligibility (%] | 915 | 55 | 32
L

Table 3.7

This low value is a noticeable advantage for the purpose ot degradation
of a hifi speech signal compared with the high value of 88 % of the

multiplicative distortion signal.
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3.13 Loudness

With respect to our pair comparison prefe rence tests. there

are two principal loudness measurement problems :

The determination of the optimum loudness, i.e. actually the optimum

speech level for the presentation of a certain signal.

The S/N ratio of a reference signal, i.e. the loudress or level relations

of a speech signal and its accompanving dis:ortion signals.

Before these two juestions can be addressed directiy the
intricate problem of defining and discussing of terms in this area iaas

to be attacked.

Level definitions

In loudness and level problems we have to discriminate betweea :
a) Level measurements e.g. optimum specech levei, or S/N
ratio of reference signals

b) Level adjustments e.g. quick reproduction of a certain test

condition.

The simplified blockdiagram in Fig. 3.27 of the test set-up
may serve for the following explanation of the check points and the

relations between the respective levels.

\
"/0— A&‘.crnu,‘kr‘ -',;el e
Quor r
Tope —l Mixer &
Recocder ?
Dislovvion /0—— M tor 2 H.cvos:o‘:oue i
g»gnc\l Amplr.er

Fig. 3.27
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ad a) Measurement of all sound pressure levels (SPL) produced
by the earphones are done with a condenser microphone and amuiiiier
according to the arrangement described in Sec. 2.34. The rcsults
obtained from these measurements are given in dBA and will Le
referred to as speech level (SL), pilot level and distortion level for
the corresponding A-weighted SPLs of speech sigrals, pilot toncs,

or distortion signals.

The subjective determination of the optimum speech level
will be described in the next subsection. The measurement of the
S/N ratio of reference signals depends on the nature of the respective

distortion signals. The first term of the S/N ratio
S/N = speech level - distortion level

is the speech level, which can be measured only with a very low
accuracy of about ! 3 dBA. The level of the additive distortion signal

18 a noise level and therefore measurable with sufficient accuracy.

The distortion level of both multiplicative references MULT and DIG

is the dBA value of the term ''speech times noise'. In these cases

the accuracy of level measurements would be also very low. We
therefore used a pilot tone recorded onto the same tape for measuring
more accurately the level of a fictive distortion signal : 'pilot tone

times noise' instead of "speech times noise' and are now able to replace

the S/N ratio for both multiplicative reference signals by
S/N = pilot level - fictive distortion level.

This ratio is of course measurable with a much higher accuracy, than
the other one using the speech levels. The determination of the S/ N

ratio in this way is much more precise-than that of the additive reference
signal. This is another important advantage of the multiplicative

reference signal in comparison with the additive one.




- 83 - - -

id b )

test run we usc a graphic level recorder connected to the transmission

For simple and quick adjustments of any level during a

line from the program switch to the headsets. Level readings from

this recorder are given in dBLR (level recorder) which are rms-voltage
levels referring to 10 mV. Whenever possible all level measurements and
adjustments of speech or distortion signals are carried out with the

pilot tone and the fictive distortion signal derived from this pilot tone
utilizing the level recorder. The justification for this simplification

is based on the fixed relation between the pilot level (dBA) and the

level of the pilot tone as a reading on the level recorder, which may

be called sinus level (dBLR). This constant difference between pilot
level (dBA) and sinus level {dBLR) is 74 dB, because 4 dBLR, i.e. 20mV
of a 1 kcps sinus voltage, produce an A-weighted SPL of 78 dBA on the

earphones.

The relation. between pilot level (dBA) and speech level (d3A)
is depending upon the recording conditions and therefore is different
for different speech signals. Examples ior our hifi speech and VON

recordings arc given in Table 3. 8.

Sinus Level Pilot Level | Speech Level
Q.ngno.L -
JBLR aBA SBA
H.C 4 78 7A
von Ao 84 76 Table 3.8

During a preference test these speech levels are held constant, but

in case of tests concerning optimum loudness it s necessary to vary

the level of the speech signal. The speech level may be varied by

attenuator 1 (Fig. 3.27). The relation between the speech level,

when attenuator | is set ¢n zero and the respective attenuator setting

for the actually desired speech level SL is given by the equation

SL = speech level (attenuator

= Q) - attenuator setting




- 84 -

In preference tests we have to measure S/N ratios in terms of wniui.

the reference quality is given. The S/Nratio of a reference sigral
r{t) = 8(t) + k.d(t)

may be defined by its levels as

S/N(level definition) = speech level(dBA) - distortion level(dBA)

The value of the constant factor k and thereby the distortion level

can be changed Ly attenuator 2 (Fig. 3.27). Assuming that for x : 1

attenuator 2 is set to zero, one can derive the following equation

S/N = speech level - distortion level(attenuator = 0) + atteuuator
setung

Now the initial two questions of this section shall be discussed.

Optimum loudness

In our version of the isopreference method a.. speech sisnals,
l.e. test or hifi signals, are presernted to the listeners in a setting of
optimum loudness. This loudriess is determined separately for each
signal in a previous subjective test. The principle of this simple
loudness comparison is the same as for preference testing and consists
in the alternate presentation of the same speech signal only with
different speech levels (SL). The listeners now have to choose the
samples within a signal pair with the preferred loudness. A cimplifiea
block diagram in Fig. 3.23 shows the test set-up. The speech signal
is transmitted to the program switch over twc separate channels, each
containing attenuator and ampiifier. The program switch gerecrates
t%0 repeated sample pairs ABAB or BABA of the same speech
signal, but with different SL. The SL of sample L is below that

of sample A by a constant difference. Over a suitable loudness range
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with incremental steps of | dBA sample A is now vari~d in a random

order. Presentation of ABAB and BABA i1s rarndomized also.

We found that ¢ d3 is a suitable value for the constant
Cifference between & and . A smaller loudness difference (4 dBA)
vielded too many wrong decisions, because the listeners have
difficulties to discrimiate the loudriess of both speech samples. A
larger value (8 dBA) expands the uncertain rangs of the optimum
Joudness value and reduces therefore the accuracy of the obtained

results.

The following fictive example deals witn a set of errorfree
data, which might have gained {rom an ideal listener without any
"wrong'' decision as resulls from one test run. The speech signal
under test sha.l really have an optimum loudness which is assumed
to be 70,5 dBA. Then the listener will prefer irom all pairs always
the speech sample with the .evel closer to this optimum. Ideal data

of this kind are shown in Fig. 3.29
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The abscissa is numbered in SL (dBBA) of the szecch samples, the

ordinate gives the preferences of the ideal listerner at this SL.

The middle of the resulting '""block™ formed by the >L values
which have been preferred two times, 15 defined now to be the optimuam
SL of the speech signal. Experience shows that the optimum loudness
of a signal is not very critical and one should speak rather of an

optimum loudness range.

Table 3.9 and Fix. 3.30 show as an example the resuliis
of a rzal test with ¥ listeners {or our hifli speech signal. All ..ars
wsare presented twice 1n a random crder, onc has therefore at least
15 decisions for each value of the SLL The evaluation of this lest
yielded an optimum SL of 71 dBA. This SL of 71 d3A corresponds

to 77 dBA pilot level and 1+ dBLR sinus level as defined earlier.
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Besides the data for the hifi speech signal, the optimum specorn teve s
of three other systems are given in Table 3.10. Additionally the respective

pilot levels and sinus levels are listed.

Signal E Speech Level dBA| Rlol Level dBA |Sinus Lelglﬁ}
SHE ! 7A 78 ‘ 4
Vou | 76 . e84 |  Ae |
P L 74 89 AG
LP 75 | 84 A4

Table 3.10

The problem of level definitions in normal preference tests

The idea of our preference method is to measure the quality
of a speech signal in terms of the S/N ratio of a compared reference
signal., At least as far as the aaditive reference signal is concerned,
the determination of the S/N ratio is in close relation with the measure-

ment of the loudness of speech.

As long as there exists neither a close definition nor an
accurate measuring procedure fo- the speech level, one has at leas
two obvious possitilities to defire the S/N ratio. First, one may
use, e.g. the A-weighted SPL of both speech and distortion signal,
where the noise level is exactly measurable, wlilie the speech level
has to be specially defined and may be measured, e.g. as we postulate
it in Sec. 2.34. The other possibility ie tc compare speech and noise
signals directly in a subjective loudness test and to define the S/N
ratio to be zero, when speech and noise signal are judyied to bLe equal
in loudness. Our experiments described in this subsection shall
lilustrate the relation between speech and corresponding distortion
signal, i.e. between both of the S/N ratios menticned above. The

results shall show whether or not a subjective determination of the

ot ot FOR Tl SR - ..
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S,/N ratin is useful. As long as there is no better definition or Mmcasuring
/ b &
procedure proposed, it might be adopted during our studies in orcer

to have an operational definition of the S/N ratio of a distorted speech

signal.

We made experiments to compare the speech signal with iis
corresponding distortion signal in a loudness pair comparison test,
similar to the method described above. During one test run, speech
signal A is held constant at a certain level, while distortion signal E
is presented with different levels in a random orcer. The covered
range is about 12 dBA in steps of 1 dBA. A simplifiec block diagram
of the test set-up is given in Fig. 3.31.

Speech Q;(..; ‘ .
) Attewuator A Ampitier A
Pro%ra.m &.\’,.:L _____6b
D "L""ho ng rn.‘x “
O'T— Attewuator B ANPS‘.;;,, B
ali+

Fig. 3.31

Speech signal and distortion signal are sampled by the program switch
in the usual ABAB series and presented over headphones. The listeners
are requested to determine from each repeated pair the signal with the
greater loudness. In this way one gets, similar as in a preference test
the point of isoérefe rence the one level of the distortion signal, which
is found to be equal in loudness with the respective speech level. Thus

one may express the speech level in terms of the measurable level of the

distortion signal which has been judged to be equally loud.
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The results of hifi specch signal comparad with pins aoi-e
shall be given in Fig. 3.32 as an example for such an "isoloudness tos .
The me asurements were performed at different dates and with difterent
numbers of listeners as stated in the diagram. Fach point represents
the mean value of all listeners together with the corresponding standarc

deviations
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The reproducibility of the results is obviously quite well,
the values of 6 are entirely within the range of the usual deviations

which have to be expected in subjective measurements.

Fig. 3.32 shows an approximately linear relation between
hifi speech and pink noise. The optimum hifi speech le'el of 71 dBA
corresponds to a pink noise level of about 66 dBA. One can see that
for the additive reference signal presented with optimum hifi speech
level, the difference between the two definitions of the S/N ratio given

above is approximately 5 dB or written as an equation :

ADD : S/N(loudness definition) = S/N(speech level definition) - 5 dB
Similar measurements carried out for the multiplicative distortion
signal yielded a corresponding value of 74 dBA judged as equal loud
to 71 dBA hifi speech level or in form of an equation

MULT : S/N{loudness definitior) = S/N(speeck level definition) + 3 dB

The corresponding values for the digital distortion signal yield the
relation ; 71 dBA hif1 speech level is judged as equal loud in comparison

with 75 dBA or
DIG : S/N(loudness definition) = S/N(speech level definition) + 4 dB

3.14 Human Factors

Obviously the main difficulty when ruaning subjective tests
with a group of listeners is the influence of human factors, most of
which may differ from listener to listener and are therefore hard to
identify and to consider. Several factors such as momentary personal
condition, disposition or motivation may be statistically different for

single listeners and will be therefore eliminated to some extent by




testing a group of listeners and forming the mean values of their

decisions. Other factors, e.g. hysteresis, check-on-order-ciicct,
fatigue, or training may be common to the group. If possible these
factors have to be studied separately and their influence on tie test

results has to be taken into consideration.

lHysteresis and randomization

To determine a point of isopreference, a listener compares a
fixed test signal with a reference signal the quality of which is varied.
The question arises how the reference quality in a range about the
noint of isopreference should be varied. Suppose, one would improve
the reference quality step by step from a value which is certainly
worse than the isopreference quality, to a value which is certainly
better than th.s quality. Then up to the isopreference level an idcal
listener would have only decisions which favor the test signal and
beyond this point only decisions for the reference signal. Corresnonding
results would bs obtained if the test sequence were reversed from good

to bad reference quality. The listeners’ decisions then would first

favor the reference signal and below the isopreference level favor the tes

signal.

A real test with monotonously increasing (‘) and then
decreasing (?) reference quality yields different results. The results
from an ideal listener in comparison with the decisions of rezl
listeners are shown in Fig. 3. 33. Being confronted with pairs consisting
of test signal B and monotonously varied reference signal A, the
listener notices at a certain moment that he has to change lLis decisions
from A to B or from B to A and then he remains with the new decision.
Disregarding the case of ''ideal' decisions, the point where the listencr
changes to the other signal will be different, when presenting a row of
pairs with monotonously decreasing and increasing reference qualitics.

That means the decisions of the real single listener show a certain

hysteresis which may have maximum values of 4 - 6 dB and ave age

*
-
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values of 2 - 3 dB. Of course the nysteresis may degenreraie 0 zero,
when the listener has a chaia of "ideal" errorfree decisions. The
hysteresis may be explainec as a range of uncertainty and may be
caused by an accorancdation during a single test series, or by lack of

[

attention of the listener. The hysteresis effcct can be avoided by a
randomization of the test m

aterial.

Additional.y studies were made on :ne infiuence o precooang
Geo1si10ns, when presenting the reference Guaiitics randomly. Decisions
.n the critical range around the 1sopreference levei have been marked
whetlher the preceding reference signal was of very bad juality or of
very coud quality. In six different tests we counted the decisions in the
critical range in dependence of the quality of the preceding refcrence
s:gnal. The results show that presenting the reference signal in a
random order to the listeners is sufficient to make the decisions

oractically independent from the preceding values of the refcrence

juality
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Check-on-order effect

The mode of presentation of the test material has beesn
discussed in Sec. 2.1. Here the question shal be examined whetiier
differences in the results have to be expected when the repeutec
signal pairs ABAB (abbreviated AB) are reversed to BABA {(ztureviaive
BA). Systematic diiferences would indicate that there cxists &
teheck-on-order' effect which means that the listeners have the
clear tendency to be more influenced by the last speech sample.

~

Two diffcrent cases could be discriminated. In one case thoere

are negligible differences between AB and BA results, 1o the otner
case we found differences which are by no means negligible. Lut kave
to be considered or may pernaps be avoided by randomizing not oaly

the reference quality but also the sequence ol presentation.

The first case shail be illustrated by a sequence ol normai
preference tests with © listeners on one day with VON and iiP as
test signals and ADD and MULT as reference signals.In a {irst
test run the mode of presentation has been AB and in a secoad st
run BA. The results of these presentations of both test scquences

AB and BA are —iven in Table 3.1!. Here we can sce that the

Reference Mouulr Aop
Ttesentation AB ‘ BRA AB ’ BA
| TestSigmal Mo o M [0' rMT M T
S TouroTTnL L : H $- TTelT.Im Tz T g
- Vom A7 24 AS 33| 54 31 59 29
HP | 84 28 B6 26|92 34 98 3s:
i § i i 1 L —

Table 3. 11

) S




differences are indeed very small. An explanation for this iy e

that ir this type of prceference test the test signal is hela constant.
During a test run the listeners seem to form a coacept of thae constant
cuality of the test signal in their mind. With this concept, 17 mases
nearly no difference whether this test signal 18 the first specci satac
or the second onc¢ of a pair. Therefore the test results are nearly

the same in the two cases ADB and BA.

The secouud case, a pronounced check-on-order etfect wus
found to be possible 1n area tests between the reference sigrals, ¢. .
ADD and MULT. This test is described in detail in a previous
subsection. In a {irst test run we presented always the AD sequence
MULT-ADD and in a second run the sequence ADD-MULT with rancom
variations of both speech qualities. The results of two different test
sessions on two days with 5 to 7 listeners have been averaged and
are shown in Fig. 3.34. The results from AB and BA presentation
differ in a systematic manner. The first isopreierence relation
MULT-ADD corresponds juite good with the standard isopreierence
curve. The other data are still lying within the previously given
uncertainty range. but havc in the special case of the ADD-MUL
relation a nearly constant difference of about 2 dB in one direction.
Further examples with random presentations of AB and BA pairs
are given in the Appendix. Both i1sopreference relations ADD-DIC
{and reversely DIG-ADD) and MULT-DIG (DIG-MULT) show the same
tendency of favoring the speech sample presented finally. The differences
are not constant as in the case of ADD-MULT, but may increase

to values of about 4 - 5 dB.

The examples show that the check-on-order effect may
aifcct the test results, if the speech samples are not presented in a
random sequence. Qur explanation is that in area tesis there is no
constant test signal because both speech signals are varied randomly 1n
quality. The listeners have no chance to form a stationary concept of

the test speech quality and are then actuaily favoring the last presentec

speech simple.
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rativue
We are not able to identify a systematic variation of teas:
results irom *he beginning to the end of a session when considerin
equal tests. The scattering of the results and the reproducibility
of = certain test is quite the same if the test is repeated within a

. or . .
test sessioa on the following

o day. After a usual test scssion of aboul

2 hours the listeners show no noticeable fatigue which might cause

additional variations of the test results.
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The dependence on time of the measuremc*nt resulls obiain. &

Variabilitv of single listeners

is a further question concerning human factors Reproduciliic resuits
arec an important *equxremont for the rehabxhty of & test prucedure
The reproducibility is mfluenced by several sub)ectlve factors jike

Py

training and learning, accomodation to avsystem or to a certain st
signal. Of course there is alsc{ an influence caused by the inconstancy
of the decisions of a single listener due ;to personal conditions

which may have varied. But this last faétor cannot be taken into
account for it is different from one listener to another and has to bu

eliminated by averaging the results of a listener group.

Mcst subjective mcashrements%require a certain training
of the testing group, so that the Iistcnerjs get well experienced with
the test pfoceaure. Our studies have shjown that after 2 few preference
test runs, the listeners are familiar with the test procedure. Even
the first results of preference tests yield unambiguous decisions for
most of the listeners, i.e. decisions pr_éferring test sigrnal B and
reference signal A are clearly separated without any noticcable
uncertainty range. Such results may be found already in the very
first test run. They are considered to bfe a striking evidence for
the certainty of the single listener in making his decisions.

Many of the listencers make again unambiguous decisions
when a test is repeated on the followingvdays and weeks. But the
isopreference level for singie listeners as well as for the whole
group may be somewhat differont compared with those of previous test
scssions. The listencrs are then again quite sure in making their

dccisions but they must have changed their minds about one or both

of the presented speech signals.

Best Available Gr



Considering the theoretical case that these Virictions osee
rionotonous then we may discriminate different possibilitics,
1.e. whether the speech signals are judged to be better, WOorse, or

e¢qual compared with the previous test session (Fig. 3.35).

,l SN of Referarnce

e

4 Binis ocn
'{ I‘:oC’ prc Qe ace

4 2 3 4 5 6 7 - me

Consecutive 1&ur 'S¢ 3y e,

If the isopreference level increases, this may be duc o
better acceptation of the test signal or to higher annoyance created
by the reference signal in subsequent test sessions. It is still an
open question whether it can be decided which kind of such accomodation

effects occurs.

In order to get evidence for a study of the long time variabiliry
of our listeners we have trequently repeated preference tests with
ihe four standard test signals and the reference signals ADD and MULT.
The results given in Figs. 3.36 - 3,39 cover a period of about two
months. The abscissa is numberced in test sessions which are
approximately one week apart. The results of each refercence signal

with the four test signals are given in a separate diagram.

Dest
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The examples show that the estaliishing of conficer
criteria for single listeners and for groups as function of tirac¢ nc
training 1s much more complex than anticipated. The accomodation
to the test material is not the same for the different speech s:. nais.
This is true for the single listeners as well as for the group. Testing
aroup 2 shows mainly increasing curves while group 1 has a slight
tendency to have lower isopreference levels after a period of two months.

There is only one special characteristic common to all results

of single listeners and listener groups which is demonstrated in Fig. 3.40.

At the beginning of the tests the four signals have been found to be clearly

! S/ of Qec\e.renc_e

g & n Fl <

A 2 3 & 5 6 v - -
Test: Seus.on

Fig. 3.40

discriminable. HP and VO2 systems are in terms of the reference
system 6 - 10 db apart. Over a period of 2 - 3 months about 30 tes's
have been executed. Now HP and VO2 system are only 3 - 4 dB apart.
An expianation of this effect is that the listeners get more and more
accustomed to the frequently presented test material. This reduction of
the isopreference level differences seems to be an effect of overtraining.
¢ is interesting to sce that in spite of the reduced differences the

rank order of the signals is mostly preserved.
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Discussion of Preliminary Results

In the previous Section 3.1 several aspects of our stuGy
have been discussed in some detail. Now, in this section we wit

to summarize the main positive results ‘and also the main difficuitics
we had encountered in the past researcl'i period. The section is
divided into three parts : transitivity, tfaining, and intclligi})i}.‘.ty
versus preference. The first part is posjitive and affirmative, the
other two parts reveal problems which v:vill necessitate further worx

¥

pefore final statements are possible.

Transitivity

Cur study shall establish a reli:able procedure for rating
speech signals in view of their gquality m terms of the hypothcetical
one -dimensional scale for the'parameteir "preference'". Transitivity
1s a basic reqvuircmént for the existence of 2 one-dimensional rating
scale. Transitivity exists if for any signal pair A and B as well
as for the signal pair B and C which have both been found to be
isopreferent, the sigral pair A and C isi’ also found to be isopreferent.

A first generai test of transiti\fity is possible using the
standard isopreference curve for ADD-MULT together with the
isopreference levels for four standard t;ast signals expressced in
terms of the reference signals ADD and MULT. Fig. 3.41 shows the
isopreference points together with the respective 6 values of the
test signals HP, LP, VON and VO2 in a;n ADD versus MULT diagram
for a trained group. A transitivity check is given by the distances
between these points and the standard iéopreference curve plotted
into the 3zme diagram. All four points lie,as it should be,within

the postulated uncertainty range of I2a4B.
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As a comparison to the results of the small trained croug
on one day, the isopreference points of a large untrained gro.p of
about 40 listeners are plotted in Fig. 3.42. The rank order ot
the test signals is with both reference signals the same as for b
which are given by the listeners when asked directly. Bsth
vocoder signals VON and VO2 lie here outside the uncertainty range.
One plausible explanation for this effect may be the follow:ing. Al
first the listeners were presentecd all tests with the multiplicitive

reference. The unfamiliar character of the vocoder sigrnals caused
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very iow 1sopreference levels. In the subseqent tests witn tae
additive reference the listeners were already somewhat accustonued
to the vcecoder signals and judged them to be Letter than betore.

At the moment we have nc other test data o verify the above assunutia

Two further transitivity checks con e made us:ing th
isoprzlerence relaticns determined by arca tosts in Sec 3.0
Fig. 3.43 shows the rclations between the three reference sidia:ls
ADD, MULT and DIG. All solid curves arc direct measuren.cnt
restlits, while the dashed curve ADD-MULT 1s derived from the

A4

:wo isopreference curves Di1G-ADD and DIG-MULT. The oo

]
- rw‘*wr‘?~~wj~ —-% . , ‘_‘“i'" 5

e

-y




4 D1 WS

]
j
N, « Ny

/

nbﬁr\mw
S v ° oT ‘;:-
LYOv) WYY/ o]

—- - o oy o oy- oy~ Q oy [/

ﬁl ~ I of- or- wma

)

R B SO A AU R

SRV :




108 .

LM« IODA pasls

- - - Oy
- - b ——— — - - - ——— e - o
N oy -
LIV -ROA /S
(=13 (o] Cy -~ P, R
e - o] oy (]
- % o oy - or . oy- . Y

N S ey aqvy W/s o

. -
3

3.44

Fig.

-




<

verrespondence boetween the now  two l\DD-MUL'l‘ CUrVea dete e

Dy oalitierent tests voles also for the

rv

ran iflvlLV of the refere:,

~1onals,

In the same way Fig. 3.44 shows the isopreference cviations
bHetween the two reference signals DIG and ADD urd the artificial test
signal VON-MULT. The solid curves again are determined hy direc:
tasts while the dashed curve ADD-DIG is defduc.ed from the isopreferen o
curves (VON-MULT) - DIG and (VON-MUL'jl') - ADD. The correspondence
seitween the two curves ADD-DIG 1s not as good as in the example
given above. But considering the still unsufjﬁcient data which we
have collected for the digital reference signj:al, the dashed curve

scems to fit with a reasonable tolerance.,

It has been already pointed out thaﬁ a great part of our
preference measurements have been concentruzc? n ‘ozt renotitions
with the four standard test signals HP, LP.5 VON and V{2 and the
reference signals ADD and MULT. The results discussed in a
separate part of Sec. 3.14 cover a period of about two months
and show for a single listener and for two d:ifferent groups the
dependence on time of the obtained test results. The exaTples
are taken from five different groups of traufled listeners each consistiny
of about 8 listeners. Now disregarding the qependence on '"time"
the mean test responses of the single group$ shall be calculated.
These tests cover a period of about 7 months during which time
each group has made 4 - 25 preference test's with all test signals
cormbined with both reference signals. The éveraged isopreference
points for each of the 5 groups and the four test signals are shown
in an ADD versus MULT diagram in Fig. 3.45. Additionally the
standard isop;‘eferen;e curve with its uncertainty range can be
found in the diagr;:tm. The points are widely spread, but lic with

only three exceptions within the given uncertainty range.
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The available material shows that 5;1 human obserever his
o suaojective yardstick of speech quality whi:ch changes "randoanly?”
i timie and which may be seriously affected by training. We found
only very few refers ces in the bibliograph&r with respect to tic
d:-;;cndence on time of psycho-acoustic measurements in general,
although this-effectmight have an influcnce on practically all sub-
sective notions. In standards for intelligibiility testing the ncocessary
sime for training is defined by the period after which the test scores
have reached stationary values. But based upon our preference test
litii one can see that it is nearly impossiblé to spcak at any tinc
of « "steady state” of the test results. Therefore here we carnnot
specify a time after which an untrained list:encr may be qualified
as being trained. Further tests will be requgired to clarify this
vroblem,

Intelligibility and juality

Intil recently intelligibility was the only aspect of speech
guality which has been used as a criterion for rating speech commun -
ication systems in view of their performance. It is a necessary
part for the characterization of speech sigr;als but does not give
a sufficient description. This becomes obviou:, when signals with
intelligibility scores close toc 100 % are compared. We try to describe
the speech signal in terms of intelligibility and the relative quality

measure ''preference’. .

Intelligibility and preference are by no means independent
from each other, for the first term seems to be involved in whole
or in part in the seccond one. A key question of our studies turncd
out to be the relation between intelligibilityr and preference. Based
upon a body of yet unsufficient data we are not able to answer the

question to its full extent. Furihermore it must be mentioned that
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we studied th e anteliigitiality of isolated words, Lul wsed o contin
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text ior preference testing. Some available results a

Fig. 3.406. The diagram shows besides the standuard iscprefere:
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curve the relation betwveen both reference sigrals with regard to

equal intelligibility. This "isointelligibility” relation has been

derived from the measurements in Sec. 3. 1¢. Addifionally the

results of preference and intelligibility measurements for thc
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test signal HP are given.

Caused by the very high intelligibility of the muluiplicative

reference signal, the points of isopreference and iscintelligibility

of the HP signal are the only corresponding points now availabie

hetween the two curves. Even from the present insufficient dat.

significant differences between the isopreferent and isointelliy:ible

signals may be presumed. Further studies are necessary.
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cohclusions

The following list of brief statements refers to e wors

ol the past and also to the future research period. It trics to Lo

wiere we stand at the moment,

A)

i))

\.')

~—

I3
~—

T iy W"w

Preference tests according to the proposed methoc are
feasible.

A clos¢ correlation between two types of refercénce signais
could be established namely hifi distorted by adding noise,
and anoticrone by multiplying the speech sigral with noise.
Measurements of test signals with the two reference siynals
give comparable results. Transitivity of preference judgements
could be proved to exist with reasonable tolerances.
Standardization of a method for preference testing seems

to be possible, though we could not yet identify an ''ideal
reference signal.

The establishing of confidence criteria for single listeners
and for groups as function of time and training turned out to
be more complex than anticipated.

Intelligibility is not simply related to preference. Thesc
two criteria may give different rank orders for a set of
speech signals.

The results of the past period encourage us to continue

the subject study along the saine general lines.
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PROGRAM SWITCH

0 i, X

i

The program switch serves to get the désired mode of

ot it okt 11 g

. ; . ; 3 : ;
signal presentation. Block diagram and corresponding time plans
are shown on the next page. The duration of presentation T is
. ) s
cquul for both speech signals A and B and is given by the formula :

T, = T, -0,5 (sec)

e . s - v e 4

where Ta is the pericd of the astable rﬁultivibrat?r aMV. The car-
vhones are cut off for 0,5 saconds whenever spcééh signals are .
switched over. This short pause corresponds to the period of the
monostable multivibrator mMVt which causes thé pick-up of the
sause relay over circuil "iogic II'. The switch-over of the specch
signals is done by the signal relay which is controlled by the bistaule

} H
raultivibrator bMV . The counting circuit b:’.\'i\f? and bMV3 counts

the presented signail pairs. Eligibly after one, two or three prescnted
signal paire the circuit "logic I' is able to excite 'bMV‘; which produces
the reset of aMV,, bMVi, bMVz, and bMV3 and over logic II the
cut-off of the earphones by the pause relay. After a starter impulse
the flipping bMV4 opens aMV to bMV3 and the plfocess is repecated.
Switching of S enables an automatic control of the pause duration by
mMVz.- Three small larnps "A", "B, and "PAUSE" are controlled

by the signal relay and the pause relay and indicate the program run

optically.

The following modes of >resentation are possible :
1. One, two or three successive presentations of the signal pair A-B

2. The cduration T of presenting the spcech signals A ana B is

equal bat can be varied from 2 to 15 seconds.
3. The duration of the long pause between two repeated signal

pairs ABAB can be varied from 4 to 20 seconds.

o e ey - N e «#v,yoa—- "W; WW‘WWW*.
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_Lor test norformnances

-

This page gives a survey about all tests periormern oo

v past report perioed {1 Janaary 1965 - 3! Decemuer 19030,

. . - N . . LaAlF . .
Nuranal Preference Teostys o

Teat Signals i + 30 2
LP 3C 20 2
VON c0 50 4
Vo2 20 30 2
others i 10 -

0 Area Tests

MULT ADD DIG
NULT - 10 2
ADD 10 -
DIG 2 2 -
others 6 4 2

(S]]

Test sessions on Intelligibility

5 Test sessions on Loudness
oAl 8C Test sussions 2 hours each 8 listeners in average

1300 listener hours

Approximately 64 000 decisions.
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me ol the Lomouter Yropeam PHIAPPRON |

i
i
Promises : fi
St ge s valued levels and aticnuator settings have to be usca, T

v
aticiuator setting miist not cxcecd 40 dBL
The speech level has to be fixed throughout the test run

Reference signals have to be taken fromia close serics of reieranc:,
having incremental sieps of 1 dB in their S§/N ratios.
§

H

Data cards have to be punchcd m the forv‘ tooiven benoentl
thus including all information for one lxatencr during a sinclo ot
Cards 1o be cvaluxzted together have to buccced one anothv rolhus
forming a "block of data cards''. End of a block of data caras is giv. ..

Ly u card which is blank at column 80. The first block of dutu cira.
e

aus to be preceded by a card having punchca the printout syiibiois
O, blank, 1, 2 at the columns 1,2,3,4, 5jrespectively. The urranyc-
nent of cards can be seen from the followwg ficure.

7/ R

! / '

BLAMNK CARD

3

/SECOHD Dk oF DA“r*/; 1Y
{ AAZAZ222222 i
/BLANK CARD o
|

/ FIRST BLOCK OV DATA
/ AAAAZ22LA222 i
: !

/ A QoA . i
f‘f;EHm'f :
Zs—-uapnoc&,mm GPHI

/ﬁa\ac:rc_ DECK 2

/7

k..______

MAIN PROGRAM : N
PrHIAPPRON A AN

/t;:';;.r-rc oECxA

1

!
i




Format of Data Cards

Description

Decisions of listener

"1" for A and "2" for B

- A28 -

Column number corresponds to the

respective attenuator setting of the

distortion signal

Number of listener

Name of listener

Number of test run attended totally

by the listener

Number of test run with this test

signal attended by the listener

Date of test session DAY,  MONTH,

(YEAR - 1900)

Time of test session (HOUR)

No. of test run in this session

Type of reference signal
Level of hifi speech signal
Level of distortion signal
Type of test signal

Level of test signal

Declaration of listener card

Name

ND(J)
J =1,40

NR
NAME

ITESTO

ITESTYS

IDATE

ITIME
ITESDA
REFTYP
LEVHIF
LEVDIS
TESTYP
LEVTES

LISTQU

Format

4011

I3

Al

13

i through 40

41,42,43
44,45, 46

47,48, 49

50,51,52

53 through 58

59,60
61,62
63, 64,65
66,67
68,69
70,71.72

73,74

80

*
Y
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SCATE 09/11/65
sJcs PHIAPPROX PACHL
STIME 300
A 34 Fla)

SIBFTC CECK1
D2P1=1./(8.#ATAN(].))
W1D2PI=SCQRT(C2PI)
CIMENSICN STNR(40),KSTNR(4Q)
CIMENSION NL(40),XCECI{6C) NCE(6C),TCADD(60),SUMDEC(60),X{60)
OIMENSICN Y(60),2(60),GFH{60),SPH{60),CIFF(60),QRI60),RR160)
CIMENSICON QMY(60),QSI(60),RFY(6C),RSI(60)
DIMENSICN APPRCX(60),ERRCRIG60) ,TERRL60),SQER(60}

C
C REACING PRINTOUT SYMBOLS
C FIRST DATACARD MUSY BE 0 12
c
REACTS51.STAR,OH,BLANK,EINS, ZWEL
151 FORMAT(SAL)
C
C PREPARATICN CF FORM
C
1 PRINTZ
2 FORMAT(32H]1 MEASUREMENTS OF SPEECH QUALITY)
PRINTS
5 FORpAT‘92H° ‘20. ’150 "lOo "5. 00 5. 10. 150 20. 25. 30.
1 35, 40. CB SIGNAL-TC-NDISE RATIC)
PRINTS
6 FORMATI1H-,6TX,4BHLISTENER TEST-NUMBER DATE TIME TESTSYST REFSYSY
1)
PRINT?
7 “CRMAT(LH ,67X,20HNR NAME YOT SYS CAY,12X,2THTYPE LEV TYPE LEVHIF
1 LEVCIS)
CC3 J=1,60
3 SUMCEC(J)=0.
PRINT4
& FORMATI(IL )
C
C REACING CATA
p
11 REACLI2,INCUJ)sJ=1440) ¢ NRyNAME,ITESTO,ITESYS,IDAYE,ITIMEL,ITESDA,
IREFTYP,LEVHIF,LEVDIS,TESTYP,LEVTES,LISTQU
12 FORMATLGGTI) ,13,A3,13,13,16,12,12,A3,12,124A3,12,5%,1!1)
IF(LISTQU.NE.1)GOTOL01
C
C CALCULATICN CF SIGNAL~-TC-NOISE RAYICS
C
CC13 J=1,40
SINRUJ)=LEVHIF~-LEVDISeJ
- 13 KSTAR(J)=STAR(J)+21,
CCl4 J=1,60
14 YCEC(J)=BLANK
CC19 J=1,40
K=KSTANR(J)

IF(NC(J)NE.1IGCTICILG

Computer Program for Data Evaluation
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XCEC(K)=EINS
GCTC1S
16 JF(RCUJINEL2)GOTCLS
XDEC(K)=ZNEI
15 CONTINUE
PRINTIT(XDECI{K)oK=1,60),NRyNAME,ITESTO,ITESYS, ITESOA,IDATE,IVINE,
LTESTYP,LEVTES,REFTYP,LEVRIF,LEVCLS
17 FCAMAT(LH 24X 060A1,1642X,A3,204013917+4013,3H00 ,Ad,14,2X,A3,217)

c
C PREPARING DATA FOR COMPUTATION
C
NP=£0
CIMENSICN NCLIST(60),XNCLIS(60)
CC21 J=1,60

21 YCACG(J)=0
£022 J=1,40
K=KSTNR(J)
IF(NC(J).EQ.CIGCTC22
TOACO(K)=ND(J) 4999
22 CONTINUE
£C23 J=1,60
23 SUMCEC(J)=SUMCEC(J) ¢TOACD ()
GGTC11
101 CONTINUE
CO1C2 J=1,60
NCLIST(J)=SUFCEC(J)/100C.
102 XNOLIS{J)=NCLIST(J)
CO1C3 J=1,60
MF=
IF(NOLIST(J) L NE.OIGOTOLCS
103 CONTINUE
105 CCNTINUE
CC1C6 J=1,60
Kz61-J
ML=K
IF(NCLISTU(K) . NE.O)GOTTLCT
106 CONTINUE
107 CCNTINUE
MEN=MF- ]
IF(MFM.LT.1)GCTQL09
COLCE J=1,MFM
108 Y(J)=0
109 CO110 J=MF,ML
110 Y(J)=(SUMDEC(J)-1C00.#XACLIS(J))/XNOLIS(J)
MLP=ML¢]
IF(MLP.GT.6016OTOLL2
0C112 J=MLP,60
112 Y(J)=1
113 CC114 J=1,60
114 X(J)=y-21

Computer Program for Data Evaluation !
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(2 X aNal

42
43

44

45
46

47

48

401

402

403

404

406
407

408
409
204

205

- Al -

TEST WETHER 0CO0L111

£CH2 J=1,60

JAny
IFIYEJ).NELO.)GOTO4S
CCNTINUE

CC44 J=JA,80
IFIY{J)<NE.1.)GOTO4S
CONTIAUE

GCTC4s

GCTC48
XMY=2FLOAT(JA)~-21.5
$1G=0.

PRINTS

PRINT 302,XMY

PRINT4

PRINT303,SIG

PRINT4T
FORNAT(10H~-NC ERRCR )
GOTCi

CCNTINUE

ALREACY COMPUTEC X(J)y Y(J), Jsl,NP

JA=1

CONTINUE

SUPY=Q

SUNY=(Q

DC402 J=1,JA
SUPY=SUPY+Y(J)ea?
JB=JA+]

00403 J=JB,60
SUNY=SUNY¢({1.-Y(J))ee?
CISCRI=SUPY-SUNY
IF(CISCRI<GE.O.)GOTC404
JAzJA+]

GGTC-01

XMY=X{JA)

CO4C6 J=1,60
IFIY(J)NE.O.)GCTO4QY
Xi=x(J)

CC408 J=1,60

K=61-J
IF{Y(K).NE.1.)GCTC409
X2z2X{K)
SIG=(X2-X1)/4.
IF(SIG.GT.0.)GOTO 2CS
$iG=1.

CONTINYE

XMY,SIG ALREACY CCMPUTEC

Computer Program for Data Evaluation
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c
C STARTING POINT FCR ITERATION
c

CIMENSICN APP(60),ERSQER(3,3),XMYD(3),SILD(3),S1G0(3)
CIMENSICN DYFA(3,3)

LAST=0

CELTA=].

700 SIL=ALCG(SIG)
IFILAST1.NE.1)GOY0T701
CELTA=CELTA/2.

701 00702 J=1,3
AJ=J-2
XMYC(J)=XMY+AJ=DELTA
SILC(J)=SIL+AJCELTA

702 SIGC(J)=EXP(SILDtY))
CC7C3 L=1,3
0C7C3 Mal,3
ERSCER{L,M)=0
CC7C3 JaMF, ML
APP(J)=GPHI(X{J) XMYDIL),SIGD{M),W1C2P])

703 ERSCER(L,MI=ERSCER(L;M)+(Y{J)~APP(J))ewe2
Kl=2
K2=2
GCTC7C4

707 CONTINUE
Kl=L1
K2=L2

704 CC7CS L=1,3
CC7C5 M=1,3
CYFA(K] 4K2)sERSQER{K] sK2)-ERSQER(LyM)
CYFF=LYrA{K]1,K2)

L1=L
L2=V¥
IF(CYFF.GT.0.)GCTCTO7

105 CCNTINUE
XFY=XMYC{K])
SI1G=SIGC(K2)
IF(CELTA.LT.0.01)G0OTC731]
IF(K2.NE.2)GCTQ7G6
IF(K1.NE.2)GCTOT06
LAST=]

GCTC7C0

706 LAST=0
60TC7CO

731 CONTINUE

BEST MY AND SIGMA ARE EVALUATED

(a NNyl

Computer Program for Data Evaluation
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PRINTCUT OF RESULTS

(s N aX g

PRINT 4
301 PRINTIOZ24XMY
302 FORNMAT(2)IH MEAN VALUE =yF6.293H DBB)
PRINT4
PRINT303,S516
303 FORMAT(21K STANCARD DEVIATICN =,F6.2,3H DB)
304 CC3C5 U=1,60
APPRCX(J)=sGPHIIXIJI) o XMY,SIG,W1D2PI)
ERRCR{JI=sY(J)-APPROX(J)
305 IERR{J)=100.4ERROR(J)*+0.5
PRINTS
PRINT3I06,({IERR(J)oJ= 1,30)
PRINY306,(IERR{J)yJ=31,60)
306 FORFATITH/ERROR=,3014)
PRINTS
SME=Q.
DO3C7T J=1,60
SCERUJ)=ERRCR(J)oe2
307 SMEsSME+SQER(J)/20.
PRINT308,SME
308 FORMAT(21H/MEAN SQUARE ERROR =,F12.10)
607C1
END

Computer Program for Data Evaluation
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SIBFIC DECK2

c
C
c
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CALCULATION CF CUMULATIVE NCRMAL DISTRIBUTICN

FUNCTICN GPKHItA,8,C,D)

I=(A-B)/C
IF(2.67.5.)GCT03
IF(Z.LT.{~-5,))GCT04
T=21/S5CRT(2.)

ZET=Z

1=ABS(Z)
A1=0.278393
A220.230389
A3=0.C00972
A4=0.078108

XNEN=(((AqoZ+A3)0]¢A2)0]+A))0l+],

XNEN=XNEN®e=4
ERFlI=1.-14/XNEN
IF(2E7.GE.0.)COTO1
GPHI=0.5~ERF1/2.
GCTC2
GPHI=C.5+ERF1/2.
CONTINUE

GCT1CS

GPHI=1

GCTCS

GPHI=0

CONTINUE

RETLRA

ENC

SENTRY

o0 12

11111211111212222222
1:111111112222222222
11111111212222222222
11111111112222222222
11111111117 12222222
11111111111111222222
11111111122222222222
11111221122222222222
11111222222222222222
11111111212222222222

022CRK02500421056%51201HAMT]IBBVONS S
010D0RW0430082105651201HAMT188VONSS
CC2MUED4901321056512011AMT188V(ONSBS
005SVE0490132105651201HAMT188VONB4

C04SPAD4300821056512
011KLEQO13CU321056512
C09BER04300821056512
COTPRAD4901321056512
O01LERO49C1321056%512
0082LA043C0821056512

Computer Program for Data Evaluation

1HAMT1B8BVONB4
IHAMT188VONB4
1HAMT188VONB 4
1hAM7188VONB4
1HAMT1BBVONSB4
1hAMT188VONB4
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